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I.— Os  A    New  Speciics  of  Chklonian   (Podocnsuis  AnvPTtAOA) 

FitOM  THS  Lower  Miocene  or  Eqyi't, 

Bj  C.  W.  AnDBKwe,  B.Se.,  F.G.S..  of  the  Britwii  Mwcum  (Saluwl  Eialorj;. 

(PLATE  I.) 

rHE  oocairence  of  fossil  reptiles  in  the  Lower  Miocena  nf 
Moghnra  ia  Egypt  hae  already  been  referrod  to  in  a  pnpof 
inWished  in  the  last  vdIuuib  of  tbia  jonmftl  (1899,  p.  481),  whsie 
,  ^ort  Account  of  the  deposits  in  wliiob  tlie  remains  are  foimtl  linn 
leen  given.  The  speciraens  which  liave  been  received  from  Captain 
I.  G.  Lyons,  R.E.,  Director- General  of  the  Egyptian  Geologionl 
lurrey,  include  bones  and  sautes  of  Orouodile,  Trionyx,  and  of  th» 
■helontsn  which  forma  the  subjeut  of  the  present  notice.  Of  tlie 
wo  former  the  remains  are  too  imperfect  for  determination,  and 
urther  mnterial  ia  desirable ;  but  in  the  case  of  the  last  it  has  bean 
ound  possible  to  reconstruct  the  ptiutron  and  most  of  the  oarapnce, 
,nd  from  these  it  can  be  shown  that  this  Chelonian  belonged  to 
he  Pieuradiraii  i,Toa]>,  an.l  i^  rcfomWo  t-  tl...  ^-enus  J',.docnev<U. 
ormiDg  K  new  species,  to  which  the  name  fodoenemit  agyptiaca 
nay  be  applied.  At  the  present  day  the  genus  is  found  only  in 
lonth  America  and  Madagascar,  but,  as  in  many  other  oases  in 
rhioh  the  modem  representatives  of  a  group  are  confined  to  the 
lonthem  Hemisphere,  where  they  may  uoour  in  widely  separated 
iteas,  in  the  Tertiary  period  apeoies  existed  in  the  Northern  Eemi- 
phere.  In  the  present  instance  two  species  of  Podocnemit  have 
wan  recorded  from  the  Lower  Eocene  of  England  and  India — that 
'mm^9fOTm6T'beA.D^PodQentwtt»BoweTban)n{-^PlaUmyiBQwerhanki-, 
SSNyi  Igma,  Owen),  from  the  London  Clay  of  Sheppey ;  that  from 
he  Uttor,  Poioeneotit  tndiea,  from  Nila  in  the  Salt  Bange.  The 
(reaent  speoies  ii  interesting  as  showing  that  in  early  Miocene 
ime«  the  genua  ezistad  in  Afrioa,  whence  probably  it  spread  into 
lodagaacar,  now  one  of  its  headquarters. 

Dueription  of  the  Speeimena. 
The  carapace  of  the  type-specimen,  as  figured  (PI.  I,  Fig.  1), 
I  Tflry  inoomplete  in  its  peripheral  region,  for,  altbongh  eome 
lortiona  of  the  marginal  bones  are  preserved,  it  haa  not  been 
KMiible  to  fit  them  into  tlieir  plaoes.  Of  the  remainder  of  the 
anpooe  the  nenrala  8  and  6  are  wanting,  2  and  6  inoomplete, 
U  the  ooatals  are  imperfeot  at  their  outer  end»,  and  mnob  of  the 
Kwterior  onaa  is  broken  away.  The  general  form  ia  aomewhat 
l^n-eaaad,  and  there  is  no  trace  of  any  keel.  The  neurala  (») 
rere  six.  ia  nnraber,  the   first   beioj^  the  largeA  tua&   tihft  \uX 
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relatively  very  sviall.  There  are  eight  pairs  of  costals  (c,  1-8) 
of  which  the  last  two  meet  in  median  suture;  possibly  also  th 
sixth  pair  were  only  partly  separated  by  the  last  neural.  Th 
positions  of  tlio  facets  for  union  with  the  inguinal  and  axillar 
buttresses  of  the  plastron  are  marked  +  in  Fig.  1  of  the  ^Platc 
The  furrcwsi, marking  the  boundaries  of  the  horny  plates  are  ver 
distinct.; 't£i^  vertebral  shields  are  somewhat  balloon- shaped,  and  ii 
their  anterior  half  are  nearly  twice  as  wide  as  they  are  posteriorly 
The,  outlines  of  three  complete  vertebrals  are  preserved  and  portioni 
of  two  .others. 

..'The'  general  form  of  the  plastron  is  shown  in  Fig.  2,  PL  L     Th( 

.  ^ntpplastral  {eni,)  is  lozenge-shaped,  with  slightly  convex  posterioi 

.'.^borders.     There  is  a  pair  of  small  mesoplastrals  wedged  in  betweer 

. . .  ^  the  outer  ends  of  the  hyo-  and  hypoplastra.     The  xiphiplastra  (xp.] 

_._  "•.'  'bear  on  their  upper  surfaces  rugose  prominences  (Fig.  3),  indicating 

•  */  '  the  firm  sutural  union  of  the  ischia  (t«.)  and  pubes  {"pu,)  with  th( 

plastron.     The  posterior  border  of  the  plastron  is  notched. 

There  is  a  very  small  intergular  (t.^.),  the  posterior  end  of  whicl 
does  not  extend  so  far  back  as  the  anterior  angle  of  the  entoplastron 
and  only  separating  the  gulars  {g.)  for  about  a  third  of  their  length 
The  sutures  between  the  humerals  and  pectorals  cross  the  ento 
plastron  in  front  of  its  middle  point.  In  the  proportions  anc 
arrangement  of  these  anterior  plastral  shields  this  species  approachef 
P.  madagascariensts  very  closely.  The  abdominal,  femoral,  and  ana 
shields  do  not  present  any  peculiarity. 

The  total  length  of  the  plastron  is  33*5  cm. ;  the  length  of  the  bridge 
13*3  cm. ;  width  of  plastron  immediately  in  front  of  bridge,  15*5  cm 

The  existence  of  a  firm  sutural  union  between  the  pelvis  anc 
plastron  shows  that  this  Chelonian  belonged  to  the  Pleuradirar 
group,  and  the  presence  of  mesoplastra  further  indicates  that  ii 
is  referable  to  tiie  family  Pelomedusidce.  In  this  family  tb( 
mesoplastra  are  small  and  laterally  situated  in  two  genera 
Pelomeduaa  and  Podocnemia,  to  the  latter  of  which  the  fossl 
approaches  most  nearly,  and,  as  already  mentioned,  is  in  some 
respects  extremely  similar  to  Podoenemia  madagaacarienaia. 

The  remains  of  P.  agyptiaea  seem  to  be  very  common  ai 
Moghara,  and  some  of  the  specimens  indicate  that  it  attainec 
a  considerably  greater  size  than  the  specimen  now  figured. 

EXPLANATION  OP  PLATE  I. 
Carapacb  and  Plastron  of  Podocnbxis  jkoyptiaca  (ttpb-spbcimen). 
Fio.  1. — Carapace  (dorsal  view).       Fio.  2. — Plastron  (ventral  view). 
Fio.  3. — Xiphiplastiul  region  of  plastron  (upper  surface). 

(About  one -third  natural  size.) 


abd.  Abdominal  shields. 
nn.    Anal  shields. 
<;,.g.  Costal  plates. 
tnt.  Entoplastral  plate. 
ep.    Epiplastral  plate. 
ftm.  Femoral  shield, 
y.      Gular  shield. 
A.      Humeral  shield. 
At/;,    H/popIastral  plate. 


hy.  Hyoplastral  plate. 

i.ff.  Intergular  shield. 

M.  Surface  for  union  with  ischium 

mp.  Mesoplastral  plate. 

n.  Neural  plate. 

pee.  Pectoral  shield. 

pu.  Surface  for  union  with  pubis. 

xp,  Xiphiplastral  plate.. 
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11.  —  On   A   Patellixa  -  lhikstone  and  anothkb  Fobaminifebal 

Limestone  from  Egypt. 

IJy  F.  Chai'max,  A.L.S.,  F.E.M.S. 
(PL.VTE  II.) 

rB  specimens  dealt  with  in  this  paper  wore  collected  by  the 
Officers  of  the  Geological  Survey  of  Egypt,  and  T  have  been 
reqaestad  by  Dr.  U.  Woodward,  on  behalf  of  Capt^iin  11.  G.  Lyons, 
B.E.,  F.6.S.,  the  Director-General,  to  give  an  account  of  the  various 
species  of  Foraminifera  met  with  during  the  progress  of  the  Survey. 

The  P^r^z/;/.v^-UMESTONE. 

These  specimens  bear  the  Survey  label  No.  lie;  (827).  The  rock 
occurs  on  a  plateau  between  Cairo  and  Suez,  the  geological  position 
of  which  Mr.  Barron  is  inclined  to  consider  as  the  base  of  the 
Miocene  grits  and  marly  clays  (letter  dated  29th  July,  1899). 
The  exact  locality  whence  those  samples  came  is  situated  six  kilo- 
metres west  of  Camp  36,  in  lat.  N.  30^  17'  55",  long.  E.  32^  18'  14". 

The  rock  is  of  the  greatest  interest  on  account  of  tbe  presence  of 
a  new  species  of  Patellina,  which  constitutes  a  large  proportion  of 
tbe  limestone.  The  relative  abundance  of  the  PatellirKe  in  the  rock 
can  be  well  seen  in  tbe  photograph  (PI.  II,  Fig.  1)  of  u  thin  section 
taken  haphazard  from  the  rock-specimen.  This  genus  a[)pcars  to  be 
hitherto  quite  unknown  in  the  limestones  of  K^ypt. 

Besides  PatelUua  there  are  other  foramiuifora  associated  with  it  in 
this  rock,  belonging  to  the  genera  Bilocnlina,  Jliliollna,  Orhicuiina, 
Aheofina,  Bigenerina,  Discoybiudt  Trunratnlinaf  Gypsina,  Pobjlrciuat 
and  Nonionina, 

The  limestone  i.s  ochreoufs-yellow  to  pale  brown  in  colour.  The 
matrix  of  the  rock  is  somewhat  spongy,  cavities  caused  \>\  cheniical 
solution  and  i-ecrystallization  being  seen  here  and  there,  whilst  in 
section  the  foraminifera  other  than  tlie  PaieUiuff  fre(j[ueiitly  have 
a  space  between  the  wall  of  the  test  and  the  matrix  by  which  it  is 
jvirtially  filled.  When  the  rock  is  crushed  for  the  extmclion  of  the 
smaller  organisms  the  casts  fall  out,  leaving  the  walls  of  the  tests 
adhering  to  the  matrix. 

The  microscopic  structure  of  the  enclosing  rock-mass  is  distinctly 
crystalline,  which  condition  is  probably  due  \^  subsequent  molecular 
disturbance  of  the  calcareous  mud  in  which  the  foraminifera  were 
embedded,  and  which  has  resulted  in  the  formation  of  a  granular 
calcitic  material,  in  which  scalenohcdra  are  an  abundant  crystalline 
form,  especially  on  the  borders  of  the  cavities. 

Besides  foraminifera  there  are  some  obscure  examples  of  polyzoa. 
An  ostracod  {Bairdia,  described  below)  also  occurs  in  some  numbers, 
represented  both  in  section  and  by  a  specimen  isolated  from  the  rock. 

Scattered  through  the  rock  are  some  rounded  grains  of  quartz 
averaging  1  mm.  in  diameter,  and  often  containing  strings  of 
minute  inclusions  or  gas  cavities. 
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OSTBACODA. 

Family  BAIRDIIDiE. 

BAIRDIA,  McCoy  [1844]. 

Baibdia  subdeltoid ea  (Miinster). 

Cytliere  auhdeltotd^a,  Miinster,   1830,  Jahrb.  Min.,  p.  64;    1835, 

p.  446. 
Bairdia  suhdelioidea  (Miinster),  Jones  &  Slierbom,  1887,  p.  387; 

idem,  1889,  Mon.  Tert.  Entom.»  p.  16,  pi.  i,  figs.  15a,  &. 

Egger,  1895:  Naturhist.  Vereins  Passau,  Jahresb.  16^^ 

p.  42,  pi.  ii,  figs.  20a,  h. 

The  specimens  found  in  the  Egyptian  limestone  are  of  mediam 
size,  with  the  valves  united.  In  the  sections  of  the  rock  they  occur 
with  pome  frequency.  The  species  has  a  rather  wide  range  in  time, 
since  it  is  characteristic  and  common  in  all  the  Cretaceous  deposits 
beginning  at  the  Aptian,  or  Lower  Qreensand  of  England ;  and  it 
also  occurs  in  beds  of  Middle  Eocene  age  at  Bracklesham  and  in  the 
older  Pliocene  of  Northern  Italy. 

?  Lower  Miocene :  from  a  plateau  between  Cairo  and  Suez. 
Frequent. 

FORAMINIFESA. 

Family    MILIOLIDiE. 

Subfamily  Miliolin.v. 
BILOCULINA,  d'Orbigny  [1826]. 
BiLOCULiNA  BULLOiDEs,  d'Orbigny. 

"  Conchula  minima,  etc.,"  Plancus,  1739  :  De  Conch,  min.  nat,  p.  23, 

pi.  ii,  fig.  6. 
Biloculina  htdloides,  d'Orb.,  1826:  Ann.  Sci.  Nat,  vol.  vii,  p.  297, 

No.  1,  pi.  xvi,  figs.  1-4 ;  Module,  No.  90. 
B.   Peruviana,   id.,    1839:    Foram.    Amcr.   Merid.,   p.   68,   pi.   ix, 

figs.  1-3. 
B.  ringena  (Lam.),  Parker,  Jones,  &  Brady,  I860 :  Ann.  Mag.  Nat, 

Hist,  ser.  iii,  vol.  xvi,  p.  35. 
B.  lucemula  (para),  Schwager,  1866 :  Novara-Exped.,  Geol.  Theil., 

vol.  ii,  p.  202,  pi.  iv,  figs.  17a,  b. 
B.  hulloidea,   d'Orb..  Terquem,    1882 :    Mem.   Soa  g€ol.  Franoe^ 

ser.  Ill,  vol.  ii,  p.  153,  pi.  xxiii,  ^g,  38. 
Miliolina  ringena  (Lam.),  Goi^s,  1882 :  IL  Svenska  Akad.  Hand!., 

vol.  xix,  p.  131,  pi.  X,  figs.  363-366,  386  ? 
Biloculina  hulloidea,  d'Orb.,  Brady  (=B.  lueernula,  Schwager,  Scblam- 

berger),  1884 :  Rep.  "  Challenger,"  vol.  ix,  p.  142,  pi.  ii, 

figs.  5,  6.    Schlumberger,  1887 :  Bull.  Soo.  g6ol.  France,. 

ser.  Ill,  vol.  XV,  pp.  574-579,  pi.  xv,  figs.  10-18  and 

woodcuts  1-5.     Egger,  1895  :  Abhandl.  k.  bayer.  Akad. 

Wiss.,  vol.  xviii,  Abth.  2,  p.  217,  pi.  i,  figs.  16-18. 

Bupert  Jones,  1895 :  Mon.  Foram.  Crag,  pt  ii,  pp.  101 

and  102. 
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B.  buUoiJe*  h  ijUile  a  oomtnon  upecies  in  tlie  PalrUina-Vitneaione, 
fto  crusbmg  ibe  rock  the  liltle  subHplierical  t«Bts  are  seen  nmon^t 
(he  dtibris,  and  projecting  from  tbe  BiirfoceB  of  the  larger  fraginenta. 
They  often  have  the  shell-wall  perfeot,  and  ure  oooaeionally  Dotioed 
ns  caaU.  The  contour  of  the  leet  in  these  Egyptian  epecicnent  is 
v<;ty  typical,  baving  a  globose  peimltimnt«  chamber  and  a  slightly 
<'loiigat«d  aboral  neck.  Passage  forms  ocour  which  link  this  species 
witb  ita  more  pyriform  variety  next  desoriherl. 

Although  B.  biiUoida  ranges  lliroiighout  the  Tertiary  fossiliferons 
iitrata  to  reoent  times,  yet  the  fossil  forms  saem  to  be  distinct  in 
some  of  their  oharacters,  as  sbown  liy  Sohliimberger. 

Lower   Miocene  :    from   a  plateau    between  Cairo   and   Suez. 


BtiiOCULiHA  ouLLoiDEs,  Tar.  inornata,  d'Orb. 
SUoeaima  inormta,  d'Orb..   18i6 :    Foram.  Foas.  Vienne,  p.  266, 

pi.  xvi,  figs.  7-9. 
B.  bultoidei,  d'Orb.,  var,  truneala-graeilit,  Beusa.  18G7:  Sitzungsb. 

Akftd-  WisB.  Wien,  vol.  Iv,  p.  09,  pi.  ii,  fig.  2. 
B.  btdloidti,  var.  inornata,  d'Orb.,  Buport  J.meN.  1895  :  Mon,  Foram. 
Crag  (Pal.  Soc),  pt.  ii,  pp.  101^2.  pi.  vii,  figs.  la-c. 
The  slightly  elongate  variety  of  D.  bulloidet  may  be  referred  to 
S,  iuomala  of  tbe  Vienna  Tertiaries.  It  ia  not  ao  common  as  the 
typical  B.  bulloideg  in  this  Egyptian  limestone,  but  is  repreaented, 
nevertliflleai,  by  several  gcod  example*. 

Beaides  its  original  oocmrenoe  in  the  Miocene  of  the  Vienna 
Basin,  this  variety  haa  been  found  in  many  foasiliferoaa  depoaita  of 
Pliocene  age. 

?  Lower  Miocene :  between  Curo  and  Suez.     Frequent. 

MILIOLINA,  Williamson  [1858]. 

MlLtOUHA  OBLONG  A    (Moutagu). 

VenUadum  obtongum,  Honlagn,  1803  :  Test  Brit.,  p.  £22,  pL  xiv, 

fig.  9. 
MiUottaa  $m»iwUum  (L.),  var.  ollonga  (Montagu),  Williamson,  1868  : 

Beoent  Foram.  Gt  Brit.,  p.  86,  pi.  vii,  figa.  186, 187. 
Jir.  oUoHi^a  (Mont.),  Brady,  1884 :  Bep.  Oball.,  vol.  ix,  p.  160,  pi.  v, 
figs,  ia,  b.      De  Amicis,  1893  :    Boll.  Soo.  Geol.  Ital., 
vol.  xii,  faeo.  3,  pp.  27,  178,  179,  317.      Goia,  1894: 
K.  Svenak.  Akad.  Handl.,  vol.  xxv,  No.  9,  p.  110,  pi.  xx, 
figs.  860,  860/      Knpart  Jones,   1895  :    Mon.  Foram. 
Crag,  pt.  ii,  p.  120,  pi.  iii,  figs.  81,  82;  pi.  v,  fig.  6. 
Millett,  189B  :   Journ.  Boy.  Mior.  Boo.,  p.  267,  pi.  v, 
figs.  14a,  b. 
Examples  of  tbia  somewhat  variable  apeoiea  were  found  with  both 
Hm  tiiloonline  and    the  qninqueloculine   forms.      The    triloouliiie 
Vftriatioo  ia  more  typical.     The  quin quel oou line  form  seema  to  be 
■omewbat  closely  ^lied  witb  MilioUHa  alMoUni/ormu,  Brady,  and 
«lso  witli  Schlnmberger's  anbgeneric  type  of  PenUlHna. 
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MilioUna  ohlonga  dates  back  as  far  as  the  Eooene  period,  and  it  is 
found  living  at  the  present  day,  usually  in  shallow  water. 

?  Lower  Miocene  :  from  a  plateau  between  Cairo  and  Suez.    Bare. 

MiLIOLINA   SUBBOTUNDA    (Moutagu). 

Vermiculum  Buhrotundum,  Montagu,  1803  :  Test.  Brit,  pt.  ii,  p.  521. 
Quinqueloculina  tubrotvnda  (Mont),  d'Orb.,  1826 :   Ann.  ScL  Nat., 

vol.  vii,  p.  302,  No.  36. 
Miliola  {Quinqueloculina)  subrotunda  (Mont), Parker  &  Jones,  I860: 

Phil.  Trans.,  vol.  civ,  p.  411,  pi.  xv,  fig.  88. 
Miliolina  subrotunda   (Mont),   Brady,  1884 :   Rep.  ChalL,  vol.  ix, 

p.  1G8,  pi.  V,  figs.  10,  11. 
M.  subrotunda  (Walker  &  Boys),  Goes,  1894 :  Eongl.  Svenska  Vet.- 

Akad.  Haudl.,  vol.  xxv,  p.  109,  pi.  xix,  figs.  846,  847. 
M.  subrotunda  (Mont),  Rupert  Jones,  1895:   Mon.  Foram.  Crag, 

pt  ii,  p.  120,  woodcut,  fig.  9.     Millett,  1898 :  Journ. 

Roy.  Micr.  Soc,  p.  502. 
The  specimens  from  the  Egyptian  limestones  are  very  typical. 
As  a  fossil  this  species  dates  from   Miocene  times.      It  is  an 
essentially  shallow-water  form  at  the  present  day,  and  this  is  tlie 
case  with  the  other  Miliolines  recorded  from  the  Egyptian  Miocene 
limestone. 

?  Lower   Miocene  :    from  a  plateau  between   Cairo  and  Suez. 
Frequent 

Miliolina  tbigonula  (Lamarck). 

Miliolites    trigonula,  Lamarck,    1804 :    Ann.   du   Museum,    vol.  v, 
p.   351,   No.   3.       1822  :    Auim.  sans  Vert,   vol.   vii, 
p.  612,  No.  3. 
TrilocuUna  Austriaca,  d'Orb..  1846  :   Foram.  Fobs.  Vienne,  p.  275, 

pi.  xvi,  figs.  25-27. 

Ililiollna  trigonula  (Lamarck),  Williamson,  1858 :   Recent  Foram. 

Gt  Brit,  p.  83,  pi.  vii,  figs.  180-182.    Schwager,  1883  : 

Palaeontographica,  vol.  xxx,  Pal.  Theil,  p.  86,  pi.  xxiv  (i), 

figs.  6rt-rf.     Brady,  1884 :  Rep.  Chall.,  vol.  ix,  p.  164, 

pi.  iii,  figs.  14-16.    Sherborn  &  Cliapman,  1889 :  Joiirn. 

Roy.  Micr.  Soc,  p.  484,  pi.  xi,  fig.  1.     Terrigi,  1891 : 

Mem.  Roy.  Com.  Geol.  Iral.,  vol.  iv,  pt  i,  p.  66,  pi.  i, 

^g,  4.     Goes,  1894:  Kongl.  Svenska  Vet-Akad.  Handl., 

vol.  xxv,  p.  115,  pi.  xxii,  fig.  870.  Millett,  1898:  Journ. 

Roy.  Micr.  Soc,  p.  503. 

There  is   some  variability  in  the   dimensions   of  the  Egyptian 

specimens,  but  they  are  otherwise  characteristic.      Schwager   has 

recorded  this  species  from  the  cherty  ^/wcoZiwa -limestone,  between 

Siut  and  Farafrah  ;  in  tlie  Jlfi/io/ina-Iimestone  of  the  Arabian  Desert 

at  Wady  Natfe  ;  also  similar  forms  near  Minieh  and  Mokattam. 

M.  trigonula  dates  from  the  Eocene  period,  and  is  also  found  fossil 
in  Miocene  strata  and  onwards  to  the  present  day. 

?  Lower  Miocene :    from   a  plateau   between  Cairo  and  Suez. 
Fregnent. 
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MiLioLisA  iNri^TA  (d'Orbigny), 
^  Tritoadina  inflata,  d'Orb.,  182fi:  Ann.  Sci.  Nat,  vol.  vii,  p.  300, 
No.  10.  Burner,  1838:  Neues  Jahrbuoh,  p.  39a,  pi.  iii, 
fig.  7^.  Michelotti,  1841  :  Mem.  Soo.  IteL  Soi., 
vol.  xxii,  p.  299,  pi.  iii,  fig.  U.  D'Oib,,  1846  :  Forato. 
Fosis.  Vieune,  p.  27S,  pi.  ivii,  figa.  13~1S. 

Qitinqueloeiilina  injlata  (d'Orb.),  Purker,  Junes.  &  Brady,  1871: 
Aun.  Mag,  Nat.  Hist.,  ser.  iv,  vol.  viii,  p.  249,  pi.  viii, 
fig.  IG. 

Trihettliaa  in^ta,  d'Orb.,  Terquem,  1878:  Mem.  Soo.  geol.  France, 
aer.  iii,  vol  i,  p.  56,  pi.  v  (x),  figa.  lC>»i-18b.  Idatn, 
1882  :  ibid.,  vol.  ii,  p.  1C5,  pi.  svii  [xxv],  figs.  4-6. 

MQiolina    tuceat,    Sohwager,     1883:    Pulteonlographioa,    vol.    xxx, 
Pal.  Tbeil.  p.  87,  pi.  ixiv,  figs.  "a-d. 
Tha  iafiat«d  vurieties  of  the  type  M.  aeminulKm  luny  be  referred 

to  Uie  above  specific  name,     if,  iajinla  ia  a  common  Tertiary  form, 

and    is   most    typical    in    tbo    Eooene    anil    Miocene    formations. 

Schwager  reoonls  ina  M.  Iweent  from  the  oherty  AheoUno'lliuoaton^ 

and  marl   between  Siut  and   Farfifrah  ;    on  the   Kekob-el-Fariidj  ; 

in    the   upper  beda   of  £1   Guas-Aba-Snid,   and  in   the  AlneoUaa- 

limestone  of  Wady  Nstfe  in  the  Arabian  Deeert. 

?  Lower    Miocene :    from   a.   plateau    between    Cairo  and  Suez, 

UiuoLnii  SEMnrniuK  (LinnS). 
Serpula  umimdmm,   Linn6,    1767:    Syst.  Nat,   12th  ed.,  p.   1,261, 

Na  791 ;  1788,  13tL  (Qmelin'a)  ed.,  p.  3,739,  No.  2. 
Termiealitm  intorlam,  Montagu,  18U3  :  Tert.  Brit,,  p.  602. 
Quinqueloeuliita    teminulnm    (L.),    d'Orb.,    1826  :     Ann,    Sci.    Nat., 

vol.  vii,  p.  303,  No.  44. 
Miliolina  leminvlum,  Williamson,  1858:    Recent  Foram.  Qt.  Brit., 

p.  85,  pi.  vii,  figs.  183-186. 
Qmn^iuloetdina  teminuluni,  Jones,  Parker,  &  Brady,  1866 :  Foram. 

Crag.  p.  9,  pi.  iii,  figs.  35,  36. 
Jfilioliiia  lemnMlum,  Qreene,  1871  :  Manual  Protozoa,  p.  15,  fig.  Sg. 
Qitiiiqtietoculina  semiluntim  [temtnulum]  (L.),  Terquem,  1875  :  Anim. 

plage  Dnnkerque,  fasc  1,  p.  40,  pi.  vi,  fig.  8. 
Miiiotina  semtnuJun  (L.),  Brady,  1881 :  Bep,  Chall.,  vol.  ix,  pp.  157-160 

(woodcata,    figs.  3a-e)  ;    pi.    v,    fig.    6.      Sherbom   & 

Chapman,    1886  :     Journ.    Roy.    Micr.    Soc,    ser.    ii, 

voL  vi.  p.  742,  pi.  xiv,  fig.  1.      Rupert  Jones,  1895  : 

Moa.  Foram.  Crag,  pt.  ii,  p.  116.     Millatt,  1898  :  Journ. 

Roy.  Uior  Soo.,  p.  605. 
Jf.  HMiniJKm  is  ft  common  epeoies  in  the  Fa I«IJtna -limestone  from 
Egypt,  and  the  specimens  are  well  developed. 

Aa  »  fouil  this  foramintfer  dates  from  the  Lower  Gooene  period, 

ud  it  i«  alw  a  well-knowa  shallow-watar  species  at  the  present  day. 

"   Lower  Hiooeae:   from  a  plateau  between  Cairo  and  Suez. 
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MiLioLiNA  POLTQONA  (d'Orbigoy). 

Qninqwlocvlina  polygona,  d'Orb.,  1839 :   De  la  Sagra,  Hist.  Phisiq., 

etc.,  Cuba,  "  Foraminifferes,"  p.  198,  pi.  xii,  figs.  21-28. 
Mliolina  seminulum  (L.),  Goes,  1882,  "Bet.  Rhiz.  Garibb.  Sea": 

Svenska  Yet-Akad.    Handl.,    toI.   six.   No.   ix,    figs. 

358,354. 
MiUoUna  Ousiensisy  Sohwager,  1888 :   Palsdontographica,  vol.  xxx. 

Pal.  Theil.,  p.  85,  pi.  xxiv  (i),  figs.  6a-d. 
M.  polygona   (d'Orb.),  Goes,  1894  :    Svenska  Yet.-Akad.   Handl., 

vol.  XXV,  No.  9,  p.  Ill,  pi.  xxx,  figs.  854-854^;  idem, 

1896,  Bull.  Mus.  Comp.  ZooL  Harvard,  vol.  xxix.  No.  1, 

pt.  XX,  p.  88,  pi.  viii,  figs.  11-18. 

This  species  in  the  Egyptian  limestone  varies  mnch  as  to  size,  but 
the  specimens  are  constant  in  the  characters  of  the  test. 

The  specimens  named  M.  GusBenaia  by  Schwager  were  found  in 
the  argillaceous  beds  with  Operctdina  libyca  of  £1  Guss-Abu-Said 
(Libyan  Stage). 

In  recent  soundings  this  form  affects  warm  areas,  usually  in  the 
neighbourhood  of  coral  reefs.  Goes  found  this  species  in  the  West 
Indies  at  a  depth  from  300  to  400  fathoms. 

?  Lower  Miocene  :  from  a  plateau  between  Cairo  and  Suez. 
Frequent 

Subfamily  Peneroplidinje. 

ORBICULINA,  Lamarck  [1816]. 

Orbiculina  adunoa  (Fichtel  &  Moll). 

Nautitua  orbictdua,  Fichtel  &  Moll,  1808 :  Test  Mior.,  p.  112,  pi.  xxi. 
N.  angtdatuaf  idem  :  ibid.,  p.  113,  pi.  xxii. 
N.  aduncua,  idem  :  ibid.,  p.  1 15,  pi.  xxiii. 

Orhtcidina  adunca  (Fichtel  &  Moll),  Lamarck,  1816 :  TabL  Encycl. 
et  M^th.,  pi.  cccclxviii,  figs.  2a-c.  D'Orbigny,  1839 : 
Foram.  Cuba  (in  Sagra's  ''Hist  phisiq.  Cuba"),  p.  81, 
pL  viii,  figs.  8-14.  Brady,  1884 :  Rep.  Ghall.,  voL  ix, 
p.  209,  pi.  xiv,  figs.  1-13.  Agassiz,  1888 :  Three  Cruises 
"  Blake,"  ii,  p.  160,  figs.  486,  487. 
Both  casts  and  perfect  specimens  of  Orbicultna  occur  in  the 
Pa/eZZtna-limestone. 

0.  adunea  is  known  from  Eocene  and  Miocene  rocks,  and  at  the 
present  time  it  is  confined  to  fairly  shallow  water  of  warm  areas. 

?  Lower  Miocene  :  from  a  plateau  between  Cairo  and  Suez. 
Common. 

Subfamily  Alveoliminjb. 

ALVEOLINA,  d'Orbigny  [1826]. 

Alvbolina  sllipsoidalis,  Schwager. 

Alveoltna  eUipaoidalia,  Schwager,  1888  :  Palsdontographica,  vol.  xxx. 
Pal.  Theil,  p.  96,  pi.  xxv  (ii),  figs,  la-t  and  2a-e. 
Examples  of  the  above  species  are  quite  common  in  the  Patdlina* 
limestone^  and  one  perfect  enough  for  identification  was  isolated 
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by  crusliing  the  rook.  It  is  probabI«,  but  not  quite  cerlnln  in  the 
absence  of  eeclions,  that  tlio  Alseolhia  Haneiii  of  d'Orbigny '  from 
th©  Miocene  of  Nnsstlorf  ia  of  the  BRme  type.  Sohwnger's  specimens 
came  from  tlie  Aheolina-YimesXona  of  llie  Watiy  Natfe  in  the 
Arabian  Desert  (Libyan  Singe). 

?  Lower  Miocene  :  from  a  plateau  between  Cairo  and  Sues. 
Common. 

Alvcolika  lepidula,  Sohwager.     (PI,  II,  Fig.  1.) 
Aleeolina  lepidala,  Se\i\vngfr,   1883  :    PalFeoulographioo,  vol.   zix, 
Pal.  Theil,  p.  SB,  pi.  isv  (ii),  figs.  Sa-g. 

ThiB  species,  viewed  towards  the  septal  face,  gives  an  ovate,  pointed 
oQtJine.  It  was  suggested  by  Sobwager  that  il  may  represent  an 
immature  stage  of  tiie  foregoing  species.  It  was  found  by  that 
author  assuciated  with  A.  etlipnoidaliK  from  the  Wady  Natfe.  ArebiaD 
Deaert. 

?  Lower  Miocene  r  from  a  plateau  between  Cairo  and  Suez.    Very 


Family  TEXTULARIIDJl. 

Subfamily   Textiii,ar[in-R. 

BIUESEKINA,  d'Orbigny  [182G]. 

BiRt:»KftiNA    CAPBKOLUs    (d'Orbigny). 

Vuleallaa  eapreolus,  d'Ork,  1826:    Ann.  Sel  Nat.,  voL  -vii.  p.  2S4. 

No.  1,  pi.  zi,  figs.  6,  6 ;  Uod&le,  No.  69. 
Schiiophora     Neugehorem    (?},     BeuBs,     1861  :     Sitzungeb.    biihm, 

Gesellsch.  Wiss.,  vol.  ii,  p.  13. 
GrammoitoMHin  caprtolui  (d'Orb.),   Parker  Sc  Jones,   1863:    Ann. 

Mag;.  Nat  Hist.,  ser.  in,  toI.  xi,  p.  93. 
Taetilaria  fabetliformU    (young  stage),   Giimbel,   186S :    Abbandh 
bayer.  Akad.  Wisa.,  CI.  ii,  vol.  x,  p.  Gil,  pi.  ii,  figs.  83a,  6. 
renilina   HfBringentii,  Gtimbe],  I86B :  ibid.,  p.  649,  pi.  ii,  fig.  81 

(bit),  a,  b. 
Sekizt^hora  Bmingentii,  Hantken,  1872 :    Mittheil.  Jahrb.  ungsr. 

geoL  Anstalt.,  vol.  i,  p.  136,  pi.  ii,  figa.  17a,  b. 

Bigeneritttt  capreolut  (d'Orb.),  Brady,  1884  :    Beport  Chall,  vol.  ix, 

p.  372,  pi.  xlv,  %B.  1-4. 

A  good  vertical  section  of  the  above  species  ocoura  in  one  of  ths 

slides.      It  is  reoognized  by  the  pointed  aboral  end  and  the  fine 

aienaoeons  strnoture  of  its  test 

As  B  fossil  B.  eapreolut  makes  its  first  appearance  in  the  Eocene 
of  the  Bavarian  Alps;  it  waa  also  found  in  the  ClavuHna-Szaboi 
beds  of  Hungary  ;  and  It  is  known  from  the  newer  Teitiaries  of 
Italy  (Mio- Pliocene).  The  depths  at  which  this  species  oconrs  in 
recent  deposita  ranges  from  fairly  shallow  water  to  ahont  700 
^thorns.  At  the  present  day  it  ia  generally  found  in  the  Korth 
AUantio  Ooean. 
?  Lower  Miooeno :  from  a  platean  between  Cairo  and  Suez.     One 

>  Foram.  Fd««.  TktuK>,  1846,  p.  148,  pi.  Tii,  flgs.  IT,  IB. 
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Family  ROTALIID^. 

Subfamily  Rotaliinje. 

PATELLINA,  Williamson  [1858]. 

Genebio  Synonymy.* 

OrhitoUtet,  pars,  Lamarck  [1801],  Defrance. 

Madreporitea,  Blomenbacb  [1805]. 

Orhulites,  Lamarck  [1816]. 

Cifdolina,  pars,  d'Orbigny  [1846],  Carter. 

Orhitolina^  d'Orbigny  [1847],  Bronn,  d'Arcbiao,  Gras,  Parker  <fe 
Jones,  Carter,  Martin. 

OrhituUtea,  Bronn  [1848]. 

Patellina,  Williamson  [1858],  Carpenter,  Parker  &  Jones,  Brady, 
Alcock,  Parfitt,  G.  M.  Dawson,  Miller  &  Van  den 
Broeck,  Robertson,  Scbulze,  Terquem,  Siddall,  Bertbelin, 
Shone,  Wrigbt,  Fritsoh,  Hantken,  Zittel,  Howohin, 
Chapman. 

ConuUtea,  Carter  [1861]. 

The  above  synonymy  is  given  in  order  that  the  claim  of  Patellina 
as  the  name  of  the  genus  may  be  readily  seen,  llie  subject  of  the 
nomenclature  has  already  been  discussed  by  Carpenter,  Parker,  & 
Jones,^  and,  later,  by  Professor  Bupert  Jones.' 

It  will  perhaps  be  useful  to  point  out  briefly  the  shortcomings 
of  the  various  names  earlier  than  Patellina, 

Orhitolitea  is  now  retained  for  one  of  the  two  types  originally 
confused  under  the  same  name. 

Madreporitea  does  not  stand  according  to  the  Strickland  Bule 
No.  11,  since  it  implies  a  false  relationship;  moreover,  the  name 
was  previously  used  by  Deluc  (1802)  in  connection  with  Orhitolitea, 

Orbulitea,  an  improved  form  of  Orhitolitea,  was  used  by  Lamarck 
when  describing  specimens  belonging  to  that  and  the  present  genus. 

Cydolina  used  to  denote  a  depressed,  complanate  form,  probably 
of  the  present  genus,  but  by  no  means  typical. 

Orbitolina  appears  to  have  been  originally  used  in  the  sense  of 
a  recent  form  of  Orhitolitea,  which  was  at  the  time  thought  to  be 
a  fossil  genus,  the  terminations  ina  and  itea  being  used  by  Lamarck 
and  others  for  recent  and  fossil  specimens  respectively.  This^ 
generic  term  has  been  largely  used  on  the  Continent  to  designate 
the  Patellina  with  large  tests  and  thick  shell- walls,  and  which  are 
so  common  in  various  Cretaceous  beds  in  France,  Spain,  and 
Switzerland.  Should  these  particular  forms  be  proved  to  possess- 
hyaline  or  tubulated  shell-structure,  there  is  no  ground  for  retaining 
the  name  even  as  an  isomorphic  arenaceous  group  with  Patellina. 

OrhituUtea  is  evidently  a  misspelling. 

*  For  references  sec  Sherbyrn'.H  Index  to  Genera  and  Species  of  the  Foraminifera,. 
189G. 

3  Introd.  Forara.,  1862,  p.  229.  Also  Ann.  Majf.  Nat  Hist.,  ser.  iir,  vol.  xii 
(186:jj,  p.  212. 

«  (.'at.  Fos<.  Foram.  Brit.  Muj*.,  1882,  p.  84. 
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Fatellina  irus  well  described  by  Wiltiamtioii,  who  took  the  typicnl 
little  P.  corrngalu  for  tbe  pmpuBe.  Tliis  form  i»  nuil«  ItyulinB 
throughoaL  In  moHt  cases  the  large  foMJl  forms  ntjove  referred  tu 
show  very  little  evitieoce  of  hyaline  slruclure,  but  it  is  extremely 
probable  that  this  absenoe  of  liibuUtiou  la  due  to  r^arystftUiziitiod 
of  the  calcitio  substaooe  of  tbe  sbell-wall.  In  the  E^ypliau  PaltHinn. 
however,  by  careftil  examiuatiiiu  under  high  puwern,  a  diatiuct  but 
extremely  fine  tubulation  uuu  be  innde  out  in  porliitiiD  of  Iha 
Bhell-wall  better  preserved,  the  tubules  sometiaies  radiating  in 
a  ch&racteristic  manner. 

Conalilet  was  founded  on  Epeciniena  of  FatclUna  from  India,  but 
described  at  later  date  than  Willlainiion'a  type-form.  I'his  form 
approximates  very  closely  to  tbe  Egyptian  species  in  generul 
■tructure. 

Tbe    whole    group  of   tbe   PatdliuiB  require   a   syst^mnllo   and 

«xhau stive    atuily,    and    this   I   believe    is    beiug    undertaken    by 

r  Xib  A.  Vaugban  JunQitigs,  who  poasosites  a  valuable  colleotion  of 

Hlarial  for  the  purpose,      I  will  here  express  uiy  sincere  thanks 

I'Mr.  Jennings  for  much  assistance  in  making  comparison  with 

r  l^^ttnmens  of  Palellina  from  bis  cullectioa. 

Patelli.va  EcYPTiENsia,  sp.  aov.     (PI.  II,  Figs,  1-3.) 

Test  conoidal,  in  vertical  section  nearly  equilateral,  the  two  sides 
aUgbtiy  oaav^x,  etraiglit,  nr  iaourv«<l  iu  Um  middle  of  tiw  test; 
bue  circular  in  outline,  and  with  a  slightly  convex  surface ; 
peripheral  edge  rounded.  The  chambers  are  arranged  on  two 
plans,  consisting  (1)  of  an  internal  cone  of  chamberlets  arranged 
at  the  apex  in  a  spiral,  and  afterwards  annular,  or  discoidal,  each 
disc  being  aubdivided  into  ohamberleta  by  labyrinthic  or  irregular 
septa,  the  chamberlets  alternate  with  thoae  above  and  below ; 
(2}  of  a  cortical  or  external  layer  uf  rectangular  obambera,  partially 
subdivided  by  imperfeot  septa  attached  to  the  outer  wall  of  the 
chamber  and  projecting  inwards.  The  spire  at  (he  apex  or  aboial 
end  of  the  teat  is  large  and  simple,  consisting  of  about  one  and 
a  half  turns,  and  in  some  oases  the  primordial  sphere  is  well  shown. 
The  primordial  ohamberis  most  frequently  mega  I  oaph  eric,  measuring 
about  ^j-  inch  ('416  mm.)  in  diameter ;  one  sphere  of  the  microspherio 
type  measures  A  inch  (-26  mm.)  in  diameter. 

In  vertical  section  the  cone  is  seen  to  be  divided  laterally  by 
carved  floors  parallel  with  tlie  convex  surface  of  the  base.  These 
are  subdivided  somewhat  irregularly  by  vertical  septa  in  the 
central  area.  Average  height  of  test,  i  inch  (6  mm.) ;  average 
diameter  at  the  base,  i  inch  (1'16  mm.). 

AFTiiirnxs. — The  present  species  differs  considerably  in  point  of 
strnoture  from  the  large  Cretaceous  Paltltina,  the  chief  distinction 
of  the  latter  forms  being  tlie  more  or  less  hemispherical  or  spherical 
shape  of  the  chambers  const  it  nting  the  corlical  layer.  In  the 
Tertiary  «|>i9citiiens  the  ciirlioil  ch'imliBi-s  are  deuiilediy  rect lingular. 

1  have  lately  Inltvn  the  oppiirtmiiiy  itt  exmnining  the  speoimenn 
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of  '  Conulites '  Cooki,^  both  in  the  collection  at  the  British  Museam 
(Natural  History)  ^  and  in  the  Carter  Collection  at  the  Geological 
Society,  in  order  to  make  a  comparison  of  the  Indian  with  the 
Egyptian  species.  In  the  collection  at  the  Geological  Society's 
Museum  the  best  specimens  of  Patellina  Cooki  are  mounted  on  slide 
No.  40  of  the  Carter  Collection,  and  are  numbered  2  (from  Kelat), 
3  (from  Sind),  and  4  (from  Arabia).  The  sections  of  P.  Cooki 
show  the  cortical  layer  to  consist  of  rectangular  chambers,  but 
these,  unlike  the  Egyptian  specimens,  ai-e  without  the  secondary 
imperfect  septa  or  dissepiments  seen  in  the  latter. 

Some  West  Indian  specimens  of  Miocene  age  kindly  lent  me  by 
Mr.  Jennings  show  this  secondary  septation  of  the  cortical  layer, 
but  the  chambers  in  these  are  more  crowded  and  narrower  than  in 
P.  Egyptienna,  and  the  species  is  probably  new. 

It  is  interesting  to  note  that  Patellina  Cooki  is  associated  with 
the  following  foraminifera  in  the  Indian  limestone  as  given  by 
Carter  in  the  paper  above  mentioned,  namely  :  Alveolina  ellipiica, 
Nummulite$  oheBa^  N.  perforata,  N,  Carteri,  Assilina  exponens, 
A,  apirUf  and  Orhitoides  di$pan$a.  The  limestone  in  which  these 
foraminifera  occur  appear  to  belong  to  the  Eirthar  Group  (Eocene).' 
In  these  Eocene  beds  the  shell -structure  exhibits  the  simplest  plan. 
In  the  Egyptian  beds,  probably  Lower  Miocene,  we  have  the  inter- 
mediate stage  in  the  development  of  the  cortical  layer.  Finally,  in 
the  West  Indian  Miocene,  presumably  newer  in  age,  the  transition 
of  the  outer  chambers  is  carried  out  still  further. 

Thus  there  appears  to  be  a  progression  of  this  form  in  a  westerly 
direction. 

?  Lower  Miocene :  from  a  plateau  between  Cairo  and  Suez.  Very 
abundant,  forming  about  50  per  cent,  of  the  bulk  of  the  rock. 

DISCORBINA,  Parker  &  Jones  [1862]. 
DisooBBiNA,  sp.,  near  D.  olobulabis  (d'Orbigny). 

Rosalina  glohtdari$,  d'Orb.,  1826 :   Ann.  Sci.  Nat.,  vol.  vii,  p.  271, 

pi.  xiii,  figs.  1-4 ;  ModMe,  No.  69. 
Discorhina  glohvlaris  (d'Orb.),  Parker,  Jones,  <fe  Brady,  1865  :  Ann. 

Mag.  Nat  Hist.,  ser.  iii,  vol.  xvi,  p.  30,  pi.  ii,  ^g.  69. 

Our  specimen  occurs  in  a  section  of  the  rock,  but  there  is  little 
doubt,  from  the  thick  peripheral  wall  and  globular  segments,  that 
it  is  referable  to  the  above  species.  It  is  a  well-known  fossil  in 
Middle  Eocene,  Miocene,  and  Pliocene  beds. 

?  Lower  Miocene :  from  a  plateau  between  Cairo  and  Suez.  One 
specimen. 

^  See  Carter,  1861,  Journ.  Bombay  Br.  Roy.  As.  Soc.,  vol.  vi,  p.  83.  Ako 
Ann.  Mag.  Nat.  Hist.,  ser.  iii,  vol.  viii,  p.  467,  pi.  xv,  fig.  7. 

'  To  Mr.  R.  B.  Newton  and  Mr.  W.  R.  Jones  I  am  indebted  for  their  kind 
attention  when  examining  these  specimens  at  the  British  Maseum  and  the  Geological 
Society. 

'  See  Manual  of  Geology  of  India,  1893,  Medlicott  &  Blanford,  2nd  ed.,  revised 
by  R.  D.  Oldham,  pp.  30^7. 
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TRUNCATULINA,  .VOrbigny  [182i;]. 

Teunoatclisa    Unokkiana    (li'Orbigny). 

Botalina    Ungerinna,    d'Orb.,  1846  :    Forain.  l''oS8.  Vientio,  p.  li>7, 

pi.  Tiii,  figs.  lG-18. 
TriaealuHiia   Uugeriana  (d'Orb.),  Reusa,  ISGIi:    Denk.  Akad.  WUs. 
Wien,  vol.  ssv,  p.  101.  No.  10.      Dm-lj.   1884:    Rep. 
Chall.,  p.  G64,  pi.  xoiv.  figs.  Qa-c. 
The  exampli)  found  is  very  typical,  nnd  has  tha  form  of  the  feet 
well  preaerved  ;  it  wns  obtained  by  [jowdering  tliu  rock.     Tlie  nbove 
■pecieis  makes  its  appenmnce  iti  btida  of  Cretiiceoiis  age,  and  it  ocuura 
commonly  throughout  the  Tertiary  formations. 

?  Lower  Miocene :  from  a  plateau  between  Cairo  and  Suez.  One 
specimen. 

Subfamily  TisoPoRis.i:. 

GYPSINA,   Carter    [1877J. 

Gti'bina  cRAsaiTcaTA,  sp.  nov.     (PI.  II,  Fig.  4.) 

Teet  hyaline  and  adherent ;  ooarsely  perforate  ;  consiating  of  seriea 

of  dome-Ebaped  segmenta  overlying  one  another  alternately  and  in 

about  five  or  more  succeiaive  tuyers.     The  first  Reries  of  chambers 

more  !)pherical  than  the  Inter  ones.     The  test  is  adherent  to  thin 

Bhell  fragmeuta  or  cDnsoHdated  pieces  of  sand.     Avernge  diameter  of 

tie   chambers.    ,}t  inch    (-26  mm.).      The   birj^nat    specimen   foutid 

mea-aures  -;',-  incii  (9  mm.)  in  length  ;  height.    '    inch  ( -T.'  7nni.l. 

The  recent  6gp$ina  inharen*  (Schultse)'  baa  a  similar  habit  of 
growth  to  this  speoiea,  but  it  ie  usually  touch  thinner  in  its  ahell- 
wall.  The  present  speciea  has  coarse  tnbuli,  such  as  is  often  present 
in  Oupriaa.  The  nature  of  the  thick  walls  also  remiads  one  of 
a  similar  character  s&en  in  Carpenteria.  Oyptina  veaieidarig,  var. 
dUeut,  Goes,'  may  also  be  compared  with  the  above  species  with 
n^rd  to  the  depressed  form  of  the  test,  especially  in  one  of  our 
ep«oimenB,  where  the  peripheral  edge  is  neatly  rounded  off. 

?  Lower  Miocene  :  from  a  plateau  between  Cairo  and  Suez. 
Frequent. 

POLYTBEMA,  Risso  [182G]. 

FOLTTBIHA  PAFYBACBA,  sp.  noV.      (PI.  II,  Fig.  5.) 

Test  adherent,  oonaisting  of  layers  of  somewhat  acervnline  but 
mnoh  elongated  ohambera,  extending  along  the  plane  of  attachment. 
The  teat  often  attains  the  length  of  |  inch  (6'25  mm.)  ;  greatest 
thickness,  iVinoh  (-694  mm.). 

A  passage  form  between  this  species  and  the  well-known  recent 
Pchftrena  miniaeemn  (L.)  has  been  found  in  certain  Tertiary  and 
recent  limestones,  and  will  sfaortly  be  described.  The  present  species 
ia  distinguished  by  its  limited  extent  and  oompresaed  lentionlar  shape. 

>  AemutiKa  inhamu,  SchultM,  ISSf :  "  Organismas  Folfthal.,"  p.  S8,  pi.  p, 
fig- 13. 

■  Bnll.  Mm.  Camp.  Zool.  HarTsni,  1890,  toI  ixix,  No.  1  (xi),  p.  74,  pi.  rii, 
«p.  4-6. 
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?  Lower  Miocene :  from  a  plateau  between  Cairo  and  Suez. 
Frequent. 

Family  NUMMULINIDiE. 

Subfamily  Polystomellin^. 

NONIONINA,  d'Orbigny  [1826]. 

NoNiONiNA  BouEAyA,  d'Orbigny. 

Nontontna  Boueana,  d'Orbigny,  1846  :  Foram.  Foss.  Vienne,  p.  108, 
pi.  V,  figs.  11,  12. 

Tliis  Rpecies  is  i^epresented  both  by  casts  and  sections  in  the 
Egyptian  limastone.  In  tlie  casts  the  retral  processes  of  the 
segments  are  faithfully  reproduced,  and  the  umbilical  protuberance 
is  well  shown.  The  general  form  of  the  test  is  subcircular,  com- 
pressed, with  a  rather  sharp  keel,  and  numerous  narrow  chambers. 

Fossil  specimens  of  this  shallow-water  form  have  been  recorded 
from  the  Oligocene  of  Germany  and  the  Miocene  of  the  Vienna  Basin 
and  Southern  Italy  ;  and  I  have  lately  identified  a  variety  of  this 
species  in  the  Miocene  of  California. 

?  Lower  Miocene :  from  a  plateau  between  Cairo  and  Suez. 
-Common. 

With  regard  to  the  age  of  the  foregoing  species  of  foraminifera  in 
the  Pate2/i7ia-limestone,  should  the  exact  stratigraphical  horizon  of 
the  rock  as  Lower  Miocene  be  confirmed,  it  is  of  much  interest  to 
note  the  general  aspect  of  the  fauna,  which  strongly  tends  to  confirm 
this  idea,  although  there  are  one  or  two  exceptions,  such  as  the 
presence  of  Alveolina  found  by  Schwager  much  lower  in  the  series 
(Libyan  Stage)  in  Egypt.  Since  no  Nummulites  have  been  observed 
in  our  rock-specimens  we  cannot  but  regard  the  occurrence  of  the 
Alveolina  as  indicating  an  upward  range  of  considerable  extent. 


Limestone  with  OpsRcuLmA,  etc. 
These  specimens  are  labelled  Box  D,  5,  6,  and  7  (1,257),  near 
Erment,  right  bank  of  Nile  Valley.  Captain  Lyons  considers  these 
beds  to  be  of  Pliocene  age.  The  colour  of  the  limestone  is  of  a  pale 
cream  to  a  whitish  tint  The  foraminifera  are  not  numerous  in  this 
rock,  but  Opereulina  may  be  detected  on  the  fractured  surfaces.  In 
section  the  rock  is  a  fine  granular  or  crystalline  limestone,  with 
some  included  fragments  of  a  denser  and  somewhat  amorphous- 
looking  limestone  scattered  through  it,  especially  in  specimen  D  6. 
There  are  also  traces  of  lamellibranch  shells  and  eohinoderm  spines. 
The  organisms  in  this  rook  are  deposited  very  uniformly,  their 
length  coinciding  with  the  plane  of  bedding,  so  that  the  sections 
taken  at  right  angles  to  one  another  show  the  shells  cut  in  two 
directions,  longitudinal  and  transverse,  in  the  separate  slides.  The 
foraminifera  are  fairly  numerous,  but  rather  small,  and  comprise  the 
genera  Textularia,  Olohigerina,  Oypnna,  Amphi$tegina,  and  Opereulina. 
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FOKAUmiFEEA. 
j  Family  TESTUL.VRUDiE. 

Subfumily   Tkxtulakiin-E. 
TEXTULARIA.    D^franco    [1824]. 
Tkatulabi*  SAaiTTDLA,  Defritnoo. 
Teztularia   tmjitlida,   Defrancp,   1824:    Diet.   Soi.  Nat.,   vol.  xKxii. 
p.   177  ;  vol.  liii.  i>.  3i4 ;  Atlas  Concb..  pi.  xiii,  tig.  5. 
Brady.    1844:    Rep.   Cball.,   vol.    is,    p.    361.  pi.  xlii. 
figs.  17,  18. 
Snverftl   sections  of  lliii   species  occur  in  the  limeBtone.     It  is 
«iuily  recognized  by  its  elongated  contour  and  numerotiB  cliambers. 

T.  mgittuia  has  a  wide  range  in  time,  being  known  as  far  buck  as 
the  Aptian. 

Pliooene  :  near  Erment,  right  Imnk  of  Nile  Valley.     Freixuont. 
TKXTTLiRiA  4G0LUT1XAN6,  d'Orbigny.     {PI.  II,  Fig.  C.) 
Tcxlalaria    agglulinans.  d'Ork,  1839  :    Pordin.  Cubu,  p.  186,  pi.  i, 
figa.  17,  18,  32-34.     Bnnly,  1884:  Rep.  Chall.,  vol.  ix, 
p.  363,  pi.  sliii,  fig».  1-3. 
The  speciniea  found  in  tbe  limeBtone  from  Egypt  is  typical  in 
form,  bat  ratber  small.     In  the  fossil  condition  tbis  specteR  ooonra 
113  far  back  as  the  Carboniferotis  Limealona  fornmlion. 

Pliocene;  near  Erment,  rigbt  kink  of  Nile  Valley.  One  apecimen. 
Family  GLOBIQEEINID^. 
GLOBIGBEINA,  d'Orbigny  [1826]. 
GuBiGiBiHA   coNOLOBATA,  Brady. 
ChAigerina    eonglobata,   Brady,    1679 :    Quart    Joum.    Mior.    Soi., 
vol.  xix,  N.a.,  p.  72  ;   idem,  1884,  Rep.  Chall.,  vol.  is, 
p.  603,  pi.  Ixxx,  figm.  1-5 ;  pi.  Ixxxii,  fig.  5. 
The   example!  of  tbe  above    species   found   in   the    Opercalina- 
bmeatone  are  fairly  typioal,  but  are  somewhat  roander  in  outline 
than   recent   specimens.     0.  eoiiglobafa   appears  to  make  its  first 
appearanoe  in  beds  of  Miooene  age. 
Pliooene :  near  Erment,  right  bank  of  Nile  Valley.    Frequent. 
Family  ROTALIID^. 
Sub&mily   Tinoforim.^ 
GYPSINA,  Carter  [1877]. 
Gtpsina  tcsioulasis?  (Parker  &  Jones). 
Orbilolina  vemevlam,  Parker  &  Jones,  1860:  Ann.  Hag.  Nat.  Hist., 

Mr.  ni,  Tol.  ri,  p.  31,  No.  fi. 

Gffnut  veneiUaru  (Parker  &  Jones),  Garter,  1877 :  Ann.  Mag. 

Nat  HisL,  ser.  rv,  vol.  xx,  p.  178. 

Thflte  ia  a  "fragmimt  of  a  Qfprina  ooourring  in  one  of  onr  slides, 

whidi  eeemB  to  oome  nearest  to  tlie  stmoture  seen  in  Q.  ceiteiJans ; 

•on  tlw  other  hand,  there  is  jnat  the  posaibility  that  U  iB  an  inogoVOT 
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example  of  the  more  regularly  •built  67.  globtdui   (Beuss).    Both 
species  date  from  the  Miocene. 

Pliocene  :  near  Erment,  right  bank  of  Nile  Valley.     A  fragment. 

Family  NUMMULINID^. 

Subfamily  Nummulitin^. 

AMPHISTEGINA,  d'Orbigny  [1826]. 

Amphistrgina  Lbssonii,  d'Orbigny. 

Amphistegina    Zessonti,    d'Orb.,    1826 :    Ann.    Sci.    Nat,   vol.   vii, 

p.  304,  No.  3.  pL  xvii,  figs.  1-4 ;  Modele,  No.  98. 
A.  mamiUata,  d'Orb.,  1846 :  Foram.  Fobs.  Vienne,  p.  208,  pi.  xii, 

figs.  6—8. 
A.  rugo»a,  id. :  ibid.,  p.  209,  pi.  xii,  figs.  9-11. 
A.gibbosa,  Williamson,  1851 :  Trans.  Micr.  Soc.  Lond.,  ser.  i,  vol.  iiit 

p.  110,  pi.  xvii,  figs.  1,  2. 
A.   Lesaoni,  d'Orbigny :  Parker,  Jones,  &  Brady,  1865,  Ann.  Mag. 

Nat.  Hist,  ser.  iii.  vol.  xvi,  p.  34,  pi.  iii,  fig.  92. 
A.  semtcostala,  Eaufmann,  1867:  Geol.  Beschreib.  des  Pilatus,  p.  149, 

pi.  viii,  fig.  18. 
HemiBtegina  rottda,  id. :  ibid.,  p.  150,  pi.  viii,  fig.  19. 
A,  Lessonti,  d'Orb.,  Moebius,  1880:  Foram.  Mauritius,  p.  99,  pi.  x, 

figs.  10-14;  pi.  xi,  figs.  1-3. 
A.  Partsiensis,  Terquem,  1882:    M6m.  Soc.  geol.  France,  ser.  iii, 

vol.  ii,  Mem.  iii,  p.  124,  pi.  xiit,  figs.  3a,  b. 
A.  Lessanti,  d'Orbigny,  Brady,  1884:  Rep.  Chall.,  vol.  ix,  p.  740, 

pi.  oxi,  figs.  1-7. 
The  above  synonymy  refers  especially  to  the  thick  varieties  of 
A.  Lesaonii,  since  the  examples  met  with  in  the  Opercu/tna-limestone 
belong  to  that  group.    The  specimens  are  well-grown,  and  exhibit  in 
all  cases  a  well-developed  cone  of  non-tubulous  shell  material. 

Typical  specimens  of  A,  Lesaomi  date  from  the  Eocene  period,  and 
they  abound  in  some  rocks  of  Miocene  and  Pliocene  ages. 

Pliocene :  near  Erment,  right  bank  of  Nile  Valley.     Frequent. 

OPERCULINA,  d'Orbigny  [1826]. 
Opeboulina  AMM0N0IDE8  (Grouovius).     (PI.  II,  Figs.  6,  7.) 

NaiUilua    ammonoideat  Gronovius,    1781 :    Zooph.    Gron.,   p.    282, 

No.  1.220,  and  p.  v  (expl.  Tab.). 
N.   Balthictia^  Schroeter,   1782,   Naturforscher,  vol.   xvii,   p.   120; 

1783,  Einleitung,  vol.  i.  p.  20,  pi.  i,  fig.  2. 
OpercuJtna  complanata  (Defranoe),  Parker  &  Jones,  1857  :  Ann.  Mag. 

Nat.  Hist,  ser.  ii,  vol.  xix,  p.  285,  pi.  xi,  figs.  3,  4. 
0.  ammonoidea  (Gronovius),  Parker  &  Jones,  1861 :  Ann.  Mag.  Nat. 

Hist.,  ser.  iii,  vol.  viii,  pp.  229,  230. 
Brady,  1884 :  Bep.  Chall.,  vol.  ix,  p.  745,  pi.  cxii,  figs.  1,  2. 
A.  Silvestri,  1893 :  Mem.  Pontif.  Aooad.  N.  I^inoei,  vol.  ix,  p.  217, 

pi.  vi,  fig.  5. 
Eupert  Jones,  1897  :   Mon.  Foram.  Crag;  pt.  iv,  p.  364,  pi.  vii, 

figs.  34a,  6.     Also,   var.  curvicamerata,  Jones,   ibid., 

p.  365,  pi.  V,  fig.  33. 


F.  Chapmaii—Sgffptian  Foraminifen 

Tbe  Egyptian  gpecimeus  are  neat  and  typically  sLftpei].  The 
Kplation,  however,  is  rather  more  crowded  and  narrower  than 
usnal.  lu  verlioal  Beclion  the  test  appears  to  be  soiuciwhat  strongly 
limbate.  In  the  limeatones  froDi  near  Enaent  thio  species  is  very 
common,  but  does  not  constitute  a  large  proportion  of  ihe  rock. 

It  is  interesting  to  uole  that  the  previous  geologioal  oocurreaoes  of 
0.  aiuiKOnoide*  agree  with  the  age  of  these  present  roolcs.  since  it  baa 
been  met  with  in  lieds  nol  older  than  the  Pliocene  of  Calabria ;  it 
was  also  found  in  the  Engliiih  Coralline  Crag,  and  it  has  been  noted 
from  the  Pleiatooene  of  Norway.  As  a  reuent  organism  it  oooun 
in  fairly  shallow  water,  and  has  a  wide  geographical  range,  inclading 
the  M^ilerranean  and  Ihe  Gulf  of  Unez. 

Pliocene  :  near  Ermeut,  right  bank  of  Nile  Valley.  Very  oi 
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a. 


d'Orb. 


F  L.  Uiocem :  between  CHiro  and  Suez. 


1.  Jri/iii/iiia  oUonga  (Montagu) 
*•       ,,        luimtiinAt  (Honta^) 
6-       „        Iriganitla  (Um.)   ,     .     . 

8-  „  i»*««  (d'Orb.)  .  .  . 
T.  „  umiaulmn  (Linn§)  .  . 
8.        „         polygana  [d'Orb.]        .     . 

9-  Orhiattina  odHnta  (Fichtel  &  Moll) 
to.  Aki^ina  tBipwiJaii;  Schwager  . 
"'  „  fapiifub,  Schwager  .  . 
12-  Tttlvltria  agfflutinaru,  d'Orb. 
"■  „  tagitluh,  DefranCB  .  . 
}*-.S'»«mM«rt.;»»o(».  (d'Orb.)  .  , 
1".  OiiAisTina  conflobata,  Bradj  .  . 
Jo-  fltUma  SfyplitHiu,  to.  dot. 
".  Lum-tifu  floisUri,  ?  [d'Orb.)       . 

j8- IVwKoHiit™  PHjfriimn  (d'OrbO   .     .  „  „ 

^-  Ofpnna  tnieuiarit  f  fPatker  Sc  JaneH)     Pliocene :  near  Erment. 

•*■      „        erattilMla,  ap.  nor.     .     .    .     ?  L.  Miocene :  between  Cairo  and  3uf2. 
jj-  iVftraia  papyracta,  m.  noT.  ...  „  ,,  „ 

•*■  jWohjko  Baatana,  d'Orb.        ...  „  ..  u 

••■  -^MpAiidyiiM  Le—onii,  d'Orb.       .     .     rlioeetie,  near  Eiment. 
"■  OrvtuUna  aumenoiAi  (Onmonus)    .  „  „ 

a^.  OaTBACODA. 

■*•*•  imtdMoidea  (Munit«r)    ....PL.  Miocene :  between  Cmio  tt^  5iw. 


Pliocene:  nfl«r Erment. 

?  L.  Miocene :  Iwtween  Cairo  and  Suez. 

Pliocene :  near  Ennent. 

t  L.  Miocene :  between  Cairo  and  Suei. 


18         J.  B.  Dahyns^^Modern  Denudation  in  N.  Wales. 
III. — Modern  Denudation  in  North  Wales, 

By  J.  E.  Daktns. 

rpHE  subject  of  denudation  is  so  important  that  I  propose  giving 
JL  a  few  instances  of  denudation  and  of  the  transport  of  material 
that  have  actually  come  under  my  own  observation  or  that  of  my 
friends.  Where  one  sees  the  same  familiar  crags  and  pinnacles  year 
after  year,  apparently  quite  unchanged,  one  may  perchance  fancy 
that  denudation  is  at  a  standstill ;  but  anyone  who,  in  scrambling 
across  the  screes  that  clothe  many  a  steep  hillside,  finds  them  moving 
beneath  his  feet,  or  perhaps  has  clattering  about  his  ears  a  shower  of 
stones  dislodged  by  some  wandering  sheep,  will  at  once  perceive 
that  it  is  not  so:  for  it  is  obvious  that  if  the  mere  tread  of  such 
a  small  beast  as  a  sheep,  shepherd  or  other  pedestrian,  can  set  scree 
rolling  downhill,  it  must  be  in  a  very  unstable  state,  and  may  bo 
expected  to  move  in  a  conspicuous  manner  under  more  potent  forces 
than  the  tread  of  animals.  Observation  shows  that  this  is  the  case. 
Not  a  year  passes  without  some  conspicuous  fall  of  scree  or  of  solid 
rock,  owing  chiefly  to  great  downpours  of  rain.  Leavinp;  general 
statements,  I  will  now  give  actual  instances  of  the  fall  of  rock  or 
movement  of  scree  that  have  recently  taken  place  in  the  Snowdon 
district. 

In  the  Summer  of  1897  a  large  mass  of  earth  and  rock  debris  was 
washed  by  heavy  rain  down  the  hillside  overlooking  the  east  end  of 
Llyn  Llydaw,  leaving  a  conspicuous  scar  which  is  still  quite  distinct. 
A  similar  scar  close  by,  which  is  actually  marked  on  the  Ordnance 
six-inch  map,  was  doubtless  formed  in  a  similar  manner.  Later  on, 
in  August,  under  another  downpour  of  rain,  a  similar  scar  was 
formed  on  the  Glyder  near  the  head  of  Llanberis  Pass. 

In  June,  1898,  after  a  great  deal  of  wet  weather,  while  the 
summits  were  still  enveloped  in  mist,  I  was  scrambling  along  the 
slope  of  Lliwedd,  above  Cwm  Llan,  when  I  was  startled  at  hearing 
from  the  side  of  Snowdon  a  noise  like  that  of  an  explosion,  followed 
by  the  sound  of  falling  rocks.  Turning  quickly  round,  I  saw  issuing 
from  the  mist  a  quantity  of  eartli  and  stones  rushing  down  the 
mountain -side,  and  leaving  long  trails  ploughed  out  of  the  loose 
material  clothing  the  steep  slope.  Going  up  next  day  I  found  that 
a  large  mass  of  rock,  weighing  several  hundred  tons,  had  slipped 
down  the  hillside.  The  landslip  was  evidently  due  to  a  tiny  rill 
having  been  swollen  by  the  recent  rains  and  having  washed  away 
some  material  supporting  the  highly  weathered  rocks,  whose  points 
of  support  then  gave  way  with  snaps  like  explosions  of  gunpowder. 
1  once  saw  a  somewhat  similar  fall  of  rocks  in  Norway  caused  by 
a  thunder-shower.  In  August,  1899,  during  heavy  rain,  a  long 
conspicuous  scar  was  formed  in  scree  on  the  side  of  Yr  Aran.  On 
November  3rd,  the  day  of  the  great  gale,  when  from  fifteen 
to  twenty  streams  were  tearing  down  the  mountain -sides,  where 
usually  there  are  only  two  or  three,  the  high-level  footpath  to 
Snowdon  was  in  three  places  either  completely  washed  away  or 
-obliterated  by  being  overwhelmed  with  stuff  washed  down  the  side 


of  Crib  y  Dilysgl.  A  few  dayn  nr(«r  thin,  on  going  to  soelc  alielter 
froiu  mill  i>i  na  oM  ailit  level,  where  1  liail  oftua  aUellsi'eil  two 
years  Hgo.  I  found  it  uompletely  coverefl  with  screes,  which  bad 
«ither  conie  dowu  in  a  similiir  manner  previously  or  had  gradually 
pccnmulated  during  the  laitt  two  years.  Another  old  level,  which 
.was  open  when  I  was  a  boy,  has  long  sinoe  been  quite  covered  by 
scree. 

A  long  red  scnr  ii  ti)  bn  Heen  on  the  hillstide  between  LHwedd 
And  Ually  WeaallC:  this  was  formed  in  Mnrtih  nome  ycara  ngu  by 
An  Avalanche  caused  by  Iba  Riiddun  mnlting  of  the  winl«r'a  unow 
ander  heavy  rain.  A  Irieod  of  mine  saw  nod  heard  it  como  down 
with  a  roar  lika  tliiiuder. 

*  Auothor  caiue  of  the  fall  of  rocki  ib  li;|hlniag.  I  often  see 
iresbly  broken  riMka  that  look  an  if  they  must  have  been  broken 
bj  lijrhlning:  snch  a  one  I  noticed  llie  other  day  below  Orib  Goob, 
which  had  probably  been  struck  by  lightning  during  the  thunder- 
etonii  that  ooourred  on  the  '20tb  of  July,  189V ;  but  it  is  not  often 
that  we  aetiialiy  know  us  a  fnot  thnt  such  and  such  a  rook  has  been 
struck  by  lightning.  During  tba  great  thunderstorm  that  occurred 
in  North  Wales  in  the  middle  of  August,  189t(.  a  raaea  of  rock  was 
broken  and  thrown  down  near  Llyn  Teyrn.  This  i»  known  to  have 
been  done  by  lightning,  aa  it  was  not  there  till  after  the  storm.  It 
ii  still  quite  distinct. 

It  will  thus  be  Keen  that  seree  is  pei'petunlly  movinij  down  to 
a  quite  conspicuous  extant  under  the  influence  of  water,  and  that 
large  landalipa  and  falls  of  rock  are  also  caused  by  heavy  rain  and 
by  lightning.  I  have  not  had  an  opportunity  of  observing  in 
Wales  the  transport  of  stones  by  ordinary  monntain  torrents ;  but 
doubtless  such  torrents  behave  in  Wales  as  similar  streama  do  in 
Yorkahire,  about  which  I  happen  to  know  something.  I  once  lived 
at  Kettlewell  in  Craven,  in  a  room  overlooking  a  mountain  torrent 
I  had  not  been  there  very  long  before  there  was  a  deal  of  heavy 
rain ;  and  one  night,  after  all  the  village  folk  had  gone  to  bed, 
I  beard  a  bumping  noise  as  if  a  heavy  cart  were  jolting  over  a  rough 
road ;  so,  being  surprised  that  anyone  should  be  driving  a  cart  at 
dead  of  night,  I  opened  the  window  and  looked  out,  and  I  then 
discovered  that  the  noise  was  caused  by  boulders  bumping  against 
one  onollier  aa  they  were  swept  down  by  the  beck  that  flowed  under 
my  window.  Whenever  there  was  heavy  rain  on  the  hills,  that 
bumping  noise  waa  beard.  The  beck,  when  in  spnte,  which  it  often 
was,  invariably  rolled  great  stones  down  to  the  river  Wharfe.  No 
doubt  monntain  streams  in  Wales  and  in  other  hilly  countries 
do  likewise.  I  may  here  remark  that  this  transport  of  stones  may 
go  on  in  clear  water.  In  such  a  country  as  the  volcanic  parta  of 
Cumberland  and  Westmorland,  where  there  is  no  shale,  very  little 
feat,  and  all  the  rooks  are  hard,  a  stream,  even  when  in  spate,  will 
can  quite  dear,  but  it  is  hurrying  stones  on  along  ita  bottom  all  the 
tarns.  The  effect  of  thia  may  be  seen  in  many  places  in  the  great 
■preads  of  gravel  that  occur  where  a  mountain  stream  enters  a  liver 
valle;,  as  for  instance  where  such  a  stream  enters  the  v&Wej  ol  ^ 
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Aire  from  the  hills  above  Eildwick  and  Conouley.  I  have  given  the 
above-mentioned  observations  to  prove  that  there  is  now  going  on 
a  steady  transport  of  material,  but  the  same  conclusion  is  manifest 
to  the  reason,  for  there  are  places  on  the  mountains  where  the  rock 
is  conspicuously  bare,  naked,  and  fresh-looking,  being  free  from 
asperities  and  from  vegetable  growth ;  such  spots,  reason  tells  us,  are 
the  places  where  there  is  a  perpetual  or  oft  repeated  fall  of  stones 
from  above.  There  is  such  a  naked  rock  on  Clogwyn  y  Gamedd, 
under  the  summit  of  Snowdon ;  and  though  I  have  not  actually  seen 
stones  falling  there,  I  am  as  sure  that  the  naked  ap|)earanoe  of  the 
rook  is  dae  to  falling  stones  as  if  I  had  seen  them  fall.     Such  bare 

S laces  on  the  mountain-sides  are  very  conspicuous  in  some  parts  of 
forway  ;  and  the  natives  tell  you  that  they  are  due  to  '  stane  scree.* 
Another  sign  that  a  rock  is  now  wasting  away  is  this :  if  the 
ground  beneath  a  cliff  is  thickly  strewn  with  blocks  of  the  same 
rock  as  that  of  which  the  cliff  is  composed,  yon  may  be  quite  sure 
that  the  cliff  is  now  wasting  away.  A  geologist  mast  be  careful 
how  he  hammers  such  a  cliff  at  its  foot,  for  even  a  slight  blow  of 
his  hammer  may  bring  down  a  moss  of  rock  on  to  his  head.  Again, 
the  spiky  character  of  a  serrated  ridge  is  proof  that  the  ridge  is 
wasting  away.  Such  wasting  away  is  mainly  due  to  frost;  and 
I  have  noticed  that  in  the  Spring  the  mountain-sides  are  in  a  more 
crumbly  and  unstable  state  than  at  any  other  time  of  the  year. 
This  is  doubtless  due  to  the  winter  frosts.  I  have  now  said  enough 
to  show  that  denudation  is  steadily  going  on,  though  its  amount  may 
be  small  in  comparison  with  the  size  of  the  hills. 

IV. — On  Sandstone  Pipes  in  the  Carboniferous  Limestone  at 

DwLBAN  Point,  East  Anglesey. 

By  Edward  Gkbexlt,  F.G.S. 

THE  low,  but  rocky  headland  of  Dwlban  Point  forms  the  western 
corner  of  Red  Wharf  Bay,  on  the  east  coast  of  Anglesey ; '  and 
is  on  the  coastline  of  the  principal  tract  of  Carboniferous  rocks  in 
the  island,  not  very  far  from  the  boundary  fault  which  runs  out 
to  sea  beneath  the  sands  of  the  bay.  The  Carboniferous  Limestone 
near  the  Point  is  for  the  most  part  a  light-grey,  crystalline  rock, 
with  abundant  crinoids,  corals,  and  other  marine  fossils.  There  are, 
however,  four  beds  of  sandstone,  varying  from  2  to  9  feet  thick,  and 
some  of  the  Limestone  itself  also  contains  scattered  grains  of 
quartz.  The  sandstones  are  clean  white  rocks,  generally  fine,  but 
with  occasional  thin  seams  of  small  pebbles. 

Now  the  foreshore  at  Dwlban  Point  is  composed  of  a  massive  bed 
of  light-grey,  crystalline  Limestone.  The  surface  of  this  bed,  at 
a  little  creek  close  to  the  headland,  is  pierced  by  a  large  number  of 

^  Abstract*)  of  this  and  of  the  succeeding  paper  were  read  before  the  British 
Association,  DoTer,  1899. 

'  During  the  first  examination  and  the  mapping  of  this  ground  I  was  accompanied 
by  my  friend  Mr.  J.  R.  Dakyns.  I  should  like  to  add  also  that  most  of  the 
pnenomena  here  described  were  noticed  more  than  twenty  years  ago  by  Mr.  G.  H. 
Morton,  F.G.S. 


ciraiilnr   pits,    vnrj'ing  from    I    foot   to    7    ft^t  id  ditkineter.     llu^ 


ited,  tliey  open  oiit  in  trumpet* 
(o  be,  or  to  bava  been,  fiUod 
lesceiirling  into  the  Limestont 
See    Figures  illustrating    tha 


margins  nf  tlicae  Laving  been  gli 
eba)>ed  fornis,  but  eitoli  can  b 
■with  a  plug  of  fine  wiiile  san.l 
at   right   angles   to    the    heddi 
fluuoeeding  paper.) 

These  plugs  ciLu  be  seen  in  various  stages  of  denudalioii.  Soma 
have  been  worn  ilown  flusli  with  the  suri-oum^ing  LinieHtone,  and 
tome  of  the  smaller  onea  have  been  exnavated  ao  as  lo  leave  aa 
almost  empty  pit  or  pothole  with  a  Utile  sandy  matter  in  ihft 
botloni.  In  one  part  of  ihe  shore,  however,  the  plugs  have  been 
left  slan<1irig  each  in  its  circular  pit.  some  4  or  5  feet  above  tlie  level 
of  ibe  BuritiunJing  rock  (Fig.  1) ;   nnil  Ihe  foreshore  bere  prtsento 
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a  most  extraordinary  appearance,  great  niaBies  su^estive  of  gigantic 
fowil  corals,  or  of  the  Paramoudi-aa  of  the  Chalk,  standing  up  from 
(he  rocky  ledges,  while  others,  torn  out  by  the  sea,  lie  prostrate  la  all 
directions. 

llie  Limestone  is  here  the  highest  bed  seen,  but  as  we  proceed 
a  few  yarda  to  the  S.S.E.  in  the  direction  of  the  dip  (which  is  at 
ahout  i'S")  a  bed  of  sandstone,  about  2  feet  thick,  comes  on 
above,  forming  the  foreshore  in  its  turn  as  the  beds  come  down  ; 
and  a  little  further  still,  in  a  low  oliff,  this  is  surmounted  by  about 
7  feet  of  Hark  shale,  and  this  by  another  Limestone  of  ordinary  type, 
tome  6-10  feet  in  thickneaa.     (Fig.  2.) 

Now  at  the  exposed  junction  between  the  piped  or  lower  Lime- 
ilone  and  the  overlying  sandstone,  there  are  numerous  pipes,  and 
the  material  of  their  plugs  can  be  seen  in  crosi  seotion  to  >A  wu- 
tinnoDs  with  that  of  tbo  saadatone  above.     Then  w  n.0  uf|^  c>'t 
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collapse  in  this  bed  of  sandstone ;  indeed,  the  upper  surface  of  the- 
bed  is  in  most  cases  gently  domed  upwards  over  tbe  openings  of  the- 
pipes,  so  as  to  present  a  hummocky  surface  on  tbe  foresbore.  In 
some  cases  also  tbere  is  a  domed  joint  or  crack  in  tbe  sandstone  over 
tbe  bead  of  tbe  plug. 


/3 


a 


SS£. 


Fio.  2. — Diagram  Section  at  Dwlwan  Point. 
a,  Piped  Limestone ;  ^,  Sandstone  ;  7,  Shale ;  8,  Upper  Limestone. 

Tbe  larger  pits  seen  at  Dwlban  Point  are  about  6  feet  in  diameter 
at  tbe  top,  and  can  be  traced  to  a  deptb  of  about  5-6  feet.  But 
about  230  yards  to  tbe  soutb,  at  an  inland  crag  across  tbe  debris  of 
some  ancient  quarries,  is  a  section  sbowing  a  pipe  no  less  tban 
12  feet  in  deptb.     (Fig.  3.)     Tbe  rock  pierced  by  tbe  pipe  is  a  very 


Fid.  3. — Laboe  Pipb  in  Inland  Cliff. 
a,  Cherty  Limestone  ;  ^,  Sandstone ;  y,  Upper  Limestone. 

massive  grey,  crystalline  Limestone,  witb  lines  of  cliert  nodules,  and 
tbe  material  of  tbe  pipe  is  in  connection  witb  tbat  of  tbe  base  of 
a  sandstone  wbose  normal  tbickness  is  about  8  feet.  Overlying  tbi& 
is  anotber  Limestone  about  10  feet  tbick,  ratber  fine  and  dark,  and 
poor  in  fossils.  Except  at  tbe  pipe  tbe  sandstone  lies  in  perfect 
conformity  witb  botb  Limestones.  It  is  a  wbite,  bard  rock,  mostly 
£ne,  but  with  some  Unea  o(  pebbles.    Tbe  funnel-sbaped  pipe,  wbose 


•  J" 


^Jt,Om9iif.!  JSItmi^Qm  1%m,  fi  D^ 


MtaB  ift  aol  8060^  ^tm  liit  io  •  tUIlow  m9$,  and  in.llili  it 
.ifiitim  to  widoi  out  iomewlial  tebind  4li6  Cmw  of  Am  on§.  •# 
jftoii^  it  wflfe  thit«  mom  bwn-dbaped  thaa  wkotooBi  bjlhe  plut 
of  notikm.  l*he  bedding  of  tbo  Mmdaloiio  in  iho  jifm  mmnmwhtt^ 
inMal«r»  and  benda  gondj  downward  near  tha  month. 

no  malarial  of  Urn  phige  ia  a.  flae  wUta^  bard  aaodatona, 
wMthering  light  brown*  II  weatbaia  alto  Tonr  oavemootly,  aa 
thoogh  oMoareooiy  though  a  sptoimatt  axamined  al  liome  did  not 
dbrroioe  with  add.  There  are  a  few  email  lentioolar  neete  of  littlo 
aibbles,  bnt  no  pebblea  were  obeenred  more  than  1  inch  in 
OMneter.  The  weathexed  plage  ebow  marked  beddia|^  wliioh  ia 
pnalld  to  that  of  the  eerM  aa  a  whole.  Thwa  eeem  abo  a  oon* 
entrlo  atractore  and  oonoentrio  ooloor  bandingi  The  jointing  tenda 
tobeiadiaL 

In  both  caeea  the  Limeetonee  penetrated  by  the  pipee  are 
ftoronghljr  marine,  as  shown  bv  the  fossUs,  thongh  at  Owloan  Point 
die  i^per  parts  beoome  somewbat  sandy.  No  unoonformity  oan  bo 
obsenred  between  the  beds,  bat  jnst  below  the  base  of  the  sandstone 
St  the  ooest  the  Limestone  beoomes  foil  of  oraoks,  whnrii  widen 
Inwards  into  small  fissuree  filled  in  with  sand  and  pebbles. 
WhatoYer  their  origin,  the  pipee  appear  to  be  oontemporaneoos 

•  viih  the  seriee  as  a  whole.  There  is  no  sign  of  ooUapse  in  the  beds 
above  them,  for  the  gentle  downward  bend  in  the  great  pipe  affeota 

1  ealy  the  material  within  the  pipe  iteelf,  and  not  the  oTerlying  beds ; 
indeed,  the  tendency  is  to  a  heaping  into  domes  above  them.  They 
are  suggestive  of  potholes,  but  there  is  no  really  coarse  material 
in  them,  pebbles,  though  present,  being  both  rare  and  small.  The 
smaller  plugs  seem  to  be  the  more  pebbly. 

The  suggestion  has  been  made  that  the  beds  overlying  the  piped 
Limestone  represent  fresh  -  water  episodes  and  upheaval,  with 
aooompanying  denudation.^  Shales  and  sandstones  in  similar 
poiitious  in  the  Penmon  area  do,  indeed,  contain  abundant  plant- 
remains,  though  no  pipes  were  observed  by  me  there.  But  at 
Bwlban  Point  the  shale  above  the  sandstone  (7,  Fig.  2)  has  yielded 
a  shell  which,  though  very  poorly  preserved,  Mr.  E.  T.  Newton, 
F.R.S.,  who  was  so  good  aa  to  look  at  it  for  me,  believes  to  be 
Spin/era  ovalia,  while  the  sandstone  itself  contains  what  seem  to 
be  annelid  castings.  Mr.  J.  Bennie,  formerly  of  the  Geological 
Survey  of  Scotland,  has  also  very  kindly  examined  the  shale  for 
minute  organisms,  but  has  hitherto  failed  to  find  any.  The  whole 
series  therefore  appears  to  be  marine.  The  Assuring  of  the  upper 
surface  of  the  Limestone,  however,  points  to  an  interval  of  exposure 
after  hardening ;  and  it  is  intei*e8ting  also  to  note  that  the  Penmon 
Sandstones  above  alluded  to  contain  pebbles  of  Carboniferous  Lime- 
stone (Q.J.Q.S.,  1896,  pp.  628,  629).  We  may  conclude,  then,  that 
the  piping  took  place  during  an  interval  of  shallowing,  and,  perhaps, 
exposure  of  the  sea-bottom.  This  was  probably  quite  local,  for  the 
sandstones  in  this  region  are  for  the  most  part  of  very  limited  extent. 

'  Bj  Mr.  P.  F.  Kendall,  F.6.S.,  daring  the  discussion  at  the  meeting  of  the  British 
Jtapcution. 
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It  i>  ouriouB  that  these  pipes  should  ooour  in  the  same  area  at 
three  different  horizODS,  the  great  pipe  being  somewhat  above  those 
of  the  Dwlban  Point,  while  some  eeeu  to  the  north  of  Benll«ch  must 
be  much  lower  in  the  series. 


y. — On  Dutlectkd  Glaoial  Stri£  at  Dwlban  Point, 

East  Anqlesbt. 

By  Edwaxd  Grbenlt,  F.G.S. 

THE  Limestone  of  the  foreshore  at  Dwihan  Point  is  magnifioently 
glaciatecl,  the  ice-worn  surfaces  being  preserved  for  a  distance 
of  soiue  yards  from  the  Boulder- ciny.  Tlie  strtK  where  nndeflected 
run  N.N.E.-S.S.W.,  whioh  is  in  agreement  with  the  general  diieotioD 
of  the  glaciation  ou  that  part  of  the  coast. 


Fio.  1.— Profile  of  Glaciated  Pit. 

The  rook  is  not  merely  striated,  but  furrowed,  nnd  in  one  furrow 

a  ledge  of  rook  facing  N.N.W.  is  undercut  so  as  to  overhang  aome 

3  or  1  inches,  the  Hlo]ie  of  the  overhanging  surface  being  as  much 


B" 

t^7%w^    ' 

BBBB^^v.         ^^'-'^ 

^^^F'^K^^ '-^l^PII 

l^^v^'^ 

C^HB 

FlQ.  2. — DErLECTED  GlACIAL  StHIX,  IhTLBAX  FoMT.  Akolbsbt. 
The  normal  direction  of  etriBtioD  in  tbat  of  a  line  joining  the  Kmell  round  bote  on  the 
)eft  irjtb  the  email  li«9ure  at  * .     Bonlder-cla^  is  seen  in  the  haciigTDDnd ;  and, 
ou  ibe  right,  part  of  a  Sandstone  plug  in  its  51I. 
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as  15^-80®  from  the  vertioal.  This  undercut  furrow  is  distinctly 
smoothed  and  striated. 

The  trumpet-shaped  mouths  of  the  pits  described  in  the  foregoing 
paper  are  beautifully  ioe-wom,  though  the  heads  of  their  sandstone 
plugs  are  for  the  most  part  rough  and  angular. 

The  strisB  aro  deflected  on  passing  across  the  mouths  of  the  pits. 
In  the  case  of  one  pit.  about  6  feet  in  diameter,  whose  profile  with  its 
plug  is  shown  in  Fig.  1,  the  striaa  sweep  completely  round  in 
the  moat-like  hollow  surrounding  the  plug,  until  on  its  S.S.W. 
side  they  are  pointing  more  than  20°  N.  of  W.  These  deflected 
strise  are  shown,  for  part  of  their  course,  in  the  photograph* 
(Fig.  2).  On  the  broad  and  gently  convex  surface  of  Limestone 
just  outside  the  hollow  they  have  the  normal  direction  S.  25^-30°  W., 
80  that  the  deflection  in  the  space  of  some  2  yards  is  nearly  20^. 

The  agent  which  produced  this  phenomenon  and  that  of  the 
undercut  furrows  must  have  adapted  itself,  it  would  seem,  as 
a  practically  plastic  body,  to  every  irregularity  in  the  surface  of 
the  rock. 

A  Red  Clay,  somewhat  poor  in  stones,  re^t^  upon  the  ice- worn 
surface,  forming  a  cliflF  about  12  feet  high. 


VI. — Note  on   a  Boring  thkough  the  Cualk  and  Gault  near 

Dieppe.^ 

By  A.  J.  Jukes-Browne,  B.A.,  F.G.S. 

rpHE  follo\vin<^  particulars  of  a  boring  for  water  made  at  Puys, 
X.  near  Dieppe,  in  18iiS  liavo  been  cominuniuated  to  ine  b^^ 
Messrs.  Lej^rand  and  Sutclift*,  and  as  they  appear  to  indicate  a 
succession  of  beds  very  similar  to  that  occurrint^  l)eneath  Dover,  the 
present  seems  a  fitting  occasion  for  placing  on  record  a  l)riel' account 
of  the  boring. 

Puys  is  a  small  village  less  tlian  a  mile  and  a  half  north-cast  of 
the  entrance  of  Dieppe  Harbour,  and  the  site  of  the  boring  is  at 
an  hotel  by  the  sea-shore,  the  well-mouth  being  not  more  than 
oO  yards  from  high-water  mark  and  about  40  feet  above  mean 
sea-level. 

The  beds  passed  through  by  the  boring  are  described  as  follows, 
the  thicknesses  being  given  in  metres  and  in  feet :  — 

Metres.  Feet. 

Chalk  without  flints      156  ...  .'>lU 

Greensand  and  sandy  clay        2  ...  Gk 

Gault^ilay          ...  '     42  ...  137j 

Black  sand  and  pyrites,  passing  down 

into  clean  quartzose  sand 11 J  ...  37} 

211^  693i 

^  For  this  photojajaph  and  that  illustrating  tlie  preceding  paper,  as  well  as  for 
the  lantern  fthdes  and  other  photographs  of  these  ])henoniena,  used  at  the  British 
Association,  I  am  indebted  to  Mr.  J.  Trevor  Owen,  M.A.,  Headmaster  of  the  County 
♦School,  Carnarvon. 

'  An  abstract  of  only  the  first  part  of  this  paper  was  read  before  the  British. 
A.^6ociation  at  Dover,  September,  1899. 
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According  to  the  diagrammatic  section  of  the  coast-line  given  by 
Hebert  in  1872,  Piiys  stands  on  the  chalk  of  the  Holaster  planum 
zone/  which  corresponds  to  the  lowest  part  of  the  flinty  chalk 
east  of  Dover.  Thus  the  chalk  traversed  by  the  boring  is  the 
equivalent  of  the  whole  of  our  Lower  and  Middle  Chalk.  In  1875 
Hebert  estimated  the  thickness  of  the  planus  zone  near  Dieppe 
at  11  metres  (36  feet)  and  that  of  his  zone  of  Inoceramus  lahiatus 
(our  zones  of  Bhynchonella  Cuvieri  and  Terehratulina  gracilis)  at 
70  metres  (230  feet),  llie  three  zones  taken  together,  therefore,  are 
estimated  at  266  feet,  and  if  we  deduct  this  from  the  511^  feet  of 
chalk  traversed  by  the  boring,  there  remains  245^  feet  as  the 
thickness  of  the  Lower  Chalk.  This  is  rather  a  greater  thickness 
than  might  have  been  expected  for  the  Lower  stage,  and  it  is 
probable  that  the  Middle  Chalk  or  Turonian  is  rather  thicker  than 
Hebert  supposed.  As  a  matter  of  fact  he  measured  6d  metres  of  it 
in  the  cli£f  itself,  and  its  base  is  nowhere  exposed ;  hence  it  is  not  at 
all  unlikely  that  its  full  thickness  is  nearly  75  metres  (or  247^  feet), 
and  in  this  case  the  thickness  assignable  to  the  Lower  Chalk  will  be 
228  feet,  which  is  a  more  probable  amount 

Tlie  two  metres  of  green^and  and  sandy  clay  at  the  bcise  of  the 
Chalk  probably  corresponds  with  what  we  know  as  the  Chloritic 
Marl  or  zone  of  Stauronema  Carteri,  This  has  a  thickness  of  about 
15  feet  at  Folkestone,  but  not  more  than  4  feet  near  Eastbourne. 

As  nothing  of  the  nature  of  sandstone  or  *  gaize '  is  recorded  in 
the  boring,  we  may  assume  that  nothing  of  an  *  Upper  Greensand  * 
character  is  present  below  Dieppe,  and  that  the  zone  o^  Ammonites 
rostratus  is  represented  by  clay  and  marl  as  it  is  at  Wissant  and 
Folkestone.  This  is  interesting  as  showing  that  what  may  be  called 
the  Folkestone  facies  of  Gault  extends  as  far  as  Dieppe,  which  is 
about  78  miles  south  of  Folkestone  and  rather  less  from  Wissant. 

November   10. — Since   the   above  was   written   I   have  received, 

through   the  kindness  of  Monsieur  G.  DoUfus,  a  more   complete 

account  of  this  boring.     The  following  is  a  translation  :  — 

Thickness.  Depth. 

Metres*.  Metres. 

Ground  excavated 2-7.>  ...  2-7'> 

White  marl           6925  ...  G200 

Soft  white  marl 4-2o  ...  66*25 

Grev  marl •4')  ...  66-70 

White  marl           3-30  ...  7000 

Grev  marl  with  Hint**       4*00  ...  74*00 

Hard  white  marl 14*30  ...  88*30 

Hard  m&rl  {yrith.  Initcn-amifs  hbiafHs) 22*70  ...  111*00 

Grey  chalk             20-2'>  ...  131-25 

Grev  chalk  with  flints       6*25  ...  137*50 

Greir  chalk            8*50  ...  146*00 

Greenish  sandv  clay 1020  ...  15620 

Green  sand V  clay   * 210  ...  158*30 

Llttckclay'            41*20  ...  109*50 

Clayey  green  sand            6*80  ...  206*30 

<    \  Grey  sand 3*15  ...  209-45 

^    \  lilack  sandv  clav 2*05  ...  211-50- 

*  Bull.  S()C.  Geol.  France,  ser.  n,  vol.  xxix,  p.  586. 
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The  ouly  specimen  seen  by  Motia.  Dullfus  WM  one  of  a  banl 
cbnlh  witli  Tra^inents  of  Inoeeramni  labiatM;  this  he  U  incliiiec]  to 
refer  to  tltu  Turonian.  biU  as  the  specicH  rIho  oooiirs  in  l)ie  higliest 

ert  of  our  Lower  Clullc,  I  nni  Hiaposed  to  think  tlie  base  of  tlm 
iJdle  Chulk  was  traversed  at  88'30  metres,  i.e.  289J  feet.  He 
■grees  with  me  in  reganiiog  the  "green  aandy  clay"  as  the  blue 
of  the  Cenomanian,  whidi  thus  has  a  thicknew  of  2211 J  feet. 

The  only  important  liifFereucn  between  the  aoooimi  furnished  to 
me  and  liiat  oommunicated  to  Mona.  Dullfus  is  in  regiud  to  tlio 
lowest  beds,  for  it  seems  that  the  bi)ring  pnssed  tlirough  the  i^rey 
nnd  at  20943  metres  ami  entered  a  black  sandy  olay.  tt  ia 
iDiposai[>Io  to  suppose  the  Vpctian  sands  to  be  only  10  feet  thick 
below  Dieppe,  nor  is  it  likely  that  u  thick  bed  of  black  saudy  clay 
thould  ocoiir  in  them;  oonseqnently  M.  Dollfus  believes  that  both 
the  sand  and  the  clay  belong  to  the  GauU. 

In  Kuppiirt  of  this  view  he  sends  the  particulars  of  another  boring 
recently  made  at  the  Chiileau  d'Eu  in  Ihe  valley  of  the  Bcesle, 
about  16  miles  north-east  of  Dieppe.  Samples  and  fosaila  from  this 
boring  were  seen  and  determined  by  M,  Mimier-Olmlman,  and  there 
it  ooDsp^uently  a  much  greater  certainty  about  the  horiKuus.  Ths 
Ibnowiug  is  a  translation  : — 


Tni 


lcltF». 

Motre« 

1089 

lO'SD 

8-01 

19'J0 

ii-eo 

31-40 

3M        '. 

fiO-.iO 

-83 

5l-3a 

I'OT 

53U0 

1618 

121-18 

i*n 

13&'00 

11-75 

loll-7o 

B-73        . 

16T0O 

Allam  ot  the  Tallej  uf  the  BtmIu         

White  chalk  with  fiAjjnc.  rririfn  

Firm  whit«  chulk  with  Mime  fllnls         

Chalk  withoat  Uinta.  loinE  lurii  lumps 

Clialli  witliout  matB,  verj  aticky  

(Jrer  chalk  

Soft  yellow  tlwlk 

Gtirf  tad  white  chnlk,  in  hird  and  nofCer  bedi 

(oltemaling,  Iiioc.  labiatm 
Grejr  uid  hlae  argilliiceiia>  ['halk,  with  Jji/nnuilei 
Soft  white  chalk,  with  Ualattm- 
Gn;  cuiiipect  chalk  
Manj  jtrey  chalk 
Oreeniah-ijTeT  Bandy  i-halk  
Oieea  vUvFy  Elauconilic  chulk 

■  Black  day  with /Hwwnmn.         

OrecaiHh  qoRrtxDW  sand 

Black  and  green  Bandr  ciny         I'ou        ...        lof-uu 

Pare  green  nnd    ... '      1-BU        ...        180-60 

Green  niid  black  clay,  with  Amaiaaitn  aiinli" 

aad  Am.  tplmdffit 2-6n  ...  1C3-20 

Gtecaish-^jr  and  and  Miidatooe         2'90        ...         liieto 

Bodof  greenuh  ■andstooe  'll>        ...         IGO  ^li 

Green  iiaad  with  lai^grain.^  at  quartz l-o^l        ...         167'Hl> 

I  Blaek  anndy  clay I-IO        ...         18S-90 

( UreifU  qunrlKose  aand  (not  pieccvd)         —  ...         ITl-HO 

^liis  boring  is  very  interesting  in  several  ways.  In  the  first 
fW  the"  base  of  the  Tiirunian  is  clearly  fixed  at  70'46  ni.,  and 
lbs  base  of  ihe  Cenomanian  at  139  m.  This  gives  a  thickness  of 
68-64 m.  (=224-8  feet)  for  the  CenomaniHn  or  Lower  Chalk,  thus 
Mrruborating  my  inlerpretiitiitn  of  the  Dieppe  boring.  In  the  next 
place  the  curious  alternslions  of  blitck  cJhj'  and  green  bani,  Vi\>\ii\v 
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evidently  belong  to  the  Upper  Gault  (zone  of  Ammonites  rosirattu)^ 
are  very  noteworthy. 

Lastly,  it  is  remarkable  that  these  sands  in  the  Oanlt  should  yield 
an  abundant  supply  of  water.  In  the  case  of  the  Dieppe  boring  the 
water  rose  to  about  12  feet  above  the  surface,  and  at  Eu  it  rose  to  50 
feet  above  the  surface  with  a  yield  of  750,000  litres  in  the  24  honiB. 

The  beds  traversed  by  the  two  borings  may  be  summarized  thus  z-— 


DiBPPB. 

Chateau  d'Eu. 

Feet. 

Feet. 

Surface  deponits      

9? 

34-7 

Middle  Chalk         

280-3 

195-4 

Lower  Chalk,  with  Chloritic  Marl 

at  the  base 

229-6 

224-8 

Gault  (not  pierced)            

174-6 

l»7-5 

693-4 

563-4 

25rOTICES    OIF    IMIEIMIOII^S , 

DiPROTODoy  AUSTRALis.  Fossii^  Ekmains  of  Lake  Callabonna. 
Part  I :  Description  of  the  Manus  and  Pes  of  Diprotodon  anatralis. 
By  E,  C.  Stirling,  C.M.G.,  F.U.S.,  etc.,  and  A.  H.  C.  Zietz,  F.L.S. 

rpHIS  lavishly  illustrated  memoir  contains  the  first  instalment  of  the 
X  description  of  the  remarkable  series  of  skeletons  of  Diprotodon 
discovered  some  years  ago  in  the  dried-up  bed  of  Lake  Callabonna 
in  South  Australia.  A  brief  account  of  the  discovery  was  published 
in  Nature  (vol.  l,  1894,  pp.  384  and  206)  by  Professor  Stirling,  and 
a  description  of  the  remarkable  bird-remains  from  the  same  locality 
has  also  appeared. 

I'he  present  memoir  deals  with  tlie  structure  of  the  fore  and  hind 
feet,  which  are  almost  the  only  important  parts  of  the  skeleton  not 
described  by  Owen.  The  collections  included  a  considerable  number 
of  more  or  less  complete  feet,  so  that  the  autliors  have  been  able  not 
only  to  describe  in  great  detail  the  separate  bones,  but  also  to  give 
restorations  of  the  manus  and  pes,  both  of  which  exhibit  some 
remarkable  characters. 

The  fore-foot  possesses  five  complete  digits,  of  which  the  fifth  is 
the  largest ;  the  fifth  metacarpal  has  a  broad  fiange-like  expansion 
on  its  outer  side.  The  pisiform  bears  more  than  half  the  articular 
surface  for  the  ulna. 

The  hind-foot  also  possesses  five  digits,  but  the  first  consists  of 
the  metatarsal  only.  The  second  and  third  digits  are  extremely 
slender,  the  fourth  only  a  little  stouter,  but  the  fifth  is  very  muoh 
thicker,  the  metatarsal  bearing  a  great  fiange-like  expansion,  llie 
whole  foot  is  a  most  remarkable  structure,  but,  although  considerably 
modified  on  account  of  the  great  weight  it  had  to  bear,  it  still  retains 
distinct  marsupial  Gharactei*s. 

The  general  conclusions  arrived  at  by  the  authors  are  as  follows:— 

'*  Marsupial  characters  are  evident  in  both  the  manus  and  pes  of 
Di/>rotodon, 
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"So  far  as  the  indiviiltml  oonxtitDent  bones  are  oonoemad 
they  present  reaemblanceH  to  their  homologous  partn  in  both  tUe 
FhaLBDgen<)ie  and  the  Phmiooloinyida;,  but  the  npprosimalion  to  tlie 
Ibnner  is,  on  the  whole,  greater  lliaa  to  tho  latter. 

"Ou  the  other  hanil,  reganling  tlio  feet  aa  a  whole,  they,  in  their 
ibape  and  proportions  as  well  as  in  the  cbarooter  and  degree  of 
the  altennation  of  the  second  and  third  digits  of  the  pea.  ara  mord 
readily  comparable  to  these  membere  in  the  Phasoolomyidfci. 

"With  the  more  specialized  pes  of  the  Klaoropodiilte,  ci>nipAri8on 
of  that  of  Diprolodott  yields  scarcely  any  points  of  reseniblaitoe, 
except  in  ao  far  as  Ihe  charaotcr  of  the  degra<lation  of  the  biiid-feet, 
nmilar  in  kind  but  varying  in  degree,  affoi'da  evidence  of  tbv 
marsapial  nature  oF  both." 

The  merooir  is  excellently  illustrated  by  a  aeries  of  eighteen  very 
good  pbotogi-aphio  plates,  including  two  of  the  restored  nuuiua 
and  pes. 

i£  E  "v  I  e:  "w  s. 

I.— F088IL  BiDiOLABiA.     By  Dr.  G.  J.  Hisdk,  F.R.S.,  F.G.S. 

1.  "Note  on  some  Radiolarian  Chert  from  Ibe  South  Uplands  of 

Scotland  " :    Quart.  Journ.  Gool.  Soc.  vol.  xlvi  (1890),  Proc, 
p.  Ill,  and  Ann.Msg-Nat.  Hi8t..8er.vi.  vol.vi  (1890), p, 40. 

2.  "Note   on    the   Kadiolaria  in  the   Mtillion   Island  Chert."      By 

G.  J.  HiiKle.  PhM.,   V.P.G.S.      Quaii.  J<,u,a.    Geu).  Son., 

vol.  xlix  (1893),  pp.  216-218,  pL  iv. 
8.  "Note  on  a  Radiolarian  Book  from  Fanny  Bay,  Port  Darwin, 

Anatralia."      By  Georgo  Jennings  Hinde,  Ph.D.,  V.P.Q.S. 

8vo;  pp.  221-226,  pi.  iv.    Quart.  Joum.  Geol.  Soo.,  vol.  xlix 

(18»3). 
i>  "On  a  well-marked  Horizon  of  Badiolarian  Kooka  in  the  IiOwer 

Gnlm-measnres  of  Devon,  Cornwall,  and  West  Somerset." 

By  0.  J.  Hinde,  Ph.D.,  F.B.S.,  F.G.S.,  and  Howard  Fox.  Esq., 

F.G.S.    8vo;  pp.  609-667,  pli.  xxiii-xxviii.     Quart.  Journ. 

Qeol.  Soo.,  vol.  li  (1895).     Supplementary  Note,  etc.,  IVans. 

Devon  Assoo.,  vol.  xxviii  (1896),  pp.  774-789. 

6.  "On  the  Badiolaria  in  the  Devonian  Blooks  of  New  South  Wales." 

By  G.  J.  Hinde,  Ph.D.,  F.R.S.,  F.G.S,  8to  ;  pp.  38-63, 
pie.  viii  and  ix.  Quart.  Jonm.  Geol.  Soo.,  vol.  Iv  (1899). 
(.  "  On  Badiolaria  in  Chert  from  Chypon'a  Farm,  Mullion  Parish, 
Cornwall."  By  George  Jennings  Hinde.  Ph.D.,  F.H.S., 
F.G.S.  8vo;  pp.  214^219,  pi.  xvi.  Quart.  Joum.  Geol. 
Soa,  vol.  Iv  (1699). 

7.  "DascriptioD  of  FoMil  Badiolaria  from  the  Eocki  of  Central 

Bomoo."   ByDr.  George  J.  Hinde.   4to;  S6  pp.,  with  4  plates, 
(B,  J.  Brill,  Leyden ;  and  H.  Gerlings,  Amsterdam  :  1899.) 

AUOKG  the  various  minute  aqnatio  organisms  that  have  persistent 
■tmotnre  within  or  without  their  bodies,  several  kinds  have 
been  ncogUized  by  natnr^ists,  with  more  or  less  exact  discrimination, 
>ino»  Datnral  histoiy  became  s  definite  aludy,  after  t\i«  duk  Kgt%  ot 
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mediBBval  ignoranoe  bad  cleared  away.  Thua  the  relatively  large 
'water-fleas*  of  streams  and  ditches,  and  the  sand- like  'ammonites' 
of  the  Adriatic,  were  objects  of  curiosity  for  some,  and  the 
DiatomacesB,  mistaken  for  Infusoria,  were  before  long  carefully 
studied,  from  both  fresh  and  salt  waters.  So  also  the  spicules  of 
Sponges  were  noticed,  classified,  and  figured.  Together  with  some 
of  the  foregoing,  in  either  a  recent  or  fossil  state,  other  minute 
organisms,  of  great  beauty  in  their  delicacy  and  symmetry,  had  been 
met  with,  but  their  real  place  in  nature  was  not  determined  until 
within  fifty  years  ago.  These,  when  alive  in  the  sea,  have  a  jelly- 
like body,  invested  or  supported  by  a  complex  but  delicate  and  often 
elegant  framework  of  meshes  and  spicules,  mostly  siliceous.  Johannes 
Miiller,  of  Berlin,  indicated  their  true  alliance  by  grouping  them  as 
"lihizopoda  Radiaria  seu  Radiolaria,"  in  1858. 

These  attractive  little  organisms  were  known  to  exist  in  the  Medi- 
terranean and  other  seas,  and  to  be  fossil  in  thick  strata  at  Barbadoea 
and  elsewhere.  During  the  Voyage  of  the  "Challenger"  in  1873-6, 
they  were  found  to  constitute  a  large  percentage  of  the  ooze  over 
extcnKive  oceanic  areas.  After  long  study  of  these  organisms, 
Dr.  E.  Haeckel,  determining  their  essential  charaotei-s  and  modifica- 
tions, classified  them,  with  descriptions  and  illustrations,  in  his  ''Die 
Kadiolarien,"  1862,  and  the  "Report  of  the  Scientific  Results  of  the 
Voyage  of  the  '  Challenger '  during  the  years  1873-76  "  :  Zoology, 
vol.  xviii,  3  parts  (1887). 

The  nuclear  or  medullary  body,  with  its  enclosing  membrane  or 
open-worked  shell,  either  central  or  at  one  end  of  the  axis,  is 
enveloped  with  a  protecting  (cortical)  sarcode,  which  extrudes 
pseiulopodia,  and  in  many  cases  is  strengthened  and  invested  by 
spicules,  meshes,  and  radial  spines,  usually  of  silex,  and  of 
manifold  form  and  arrangement.  The  persistent  forms  are  usually 
regarded  as  belonging  to  the  '  Folyciatina  '  of  Ehrenberg  and  Miiller. 
(PoJycisiina  =m&\\y  baskets;  Pol i/ci/stina^^ many  bladders;  used 
sometimes  indifferently.) 

In  the  case  of  those  that  have  no  shell,  and  those  in  which  the 
radial  spines  are  not  composed  of  hard  silica,  there  is  little  or 
nothing  left  in  the  fossil  state.  Otherwise  numerous  individuals 
remain  more  or  less  perfect  in  various  rocks  of  the  Palaeozoic, 
Mesozoic,  and  Caenozoic  formations.  They  mostly  present  "  either 
simple  or  concentric  latticed  shells,  some  with  relatively  long  radial 
spines;  and  they  are  similar  in  character  to  recent  Radiolaria,  and 
probably  referable  to  the  same  genera  as  the  latter." 

However  much  modified  in  the  individuals  of  different  groups, 
yet  the  inner  or  nuclear  capsule  and  the  outer  capsular  investment 
(calymma)  may  be,  their  essential  character  is  always  recognizable. 
The  spicules  in  the  naked  forms  of  the  Spumellaria,  and  the  hard 
parts  of  the  other  groups,  constitute  subsidiary  evidences  of  the 
generic  and  specific  differentiation. 

In  these,  as  in  other  low  forms  of  life.  Nature  is  so  lavish  of  her 

productive  power  in  the  multiplicity  and  almost  endless  variations 

of  growth,  that  at  first  sight  it  seems  to  be  impossible  to  find  the 

clue  to  the  apparent  entanglement  of  structural  peculiarities  in  the 
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inTestmenlB  and  tlieir  biitaiTs  oiitgi'»wtliH.  Thu  due,  Uowuvtir,  an 
iiot«(l  »I)OTe,  is  affonJtul  by  ibe  iii:i«rin<>8t  orgaii. 

Tliis  is  itself  lost  lo  tlie  f^o]o};ie>t,  but  ill  latticec)  oapsnle,  and 
Ibe  nwlial  RpineK  whiob  partly  form  the  transverse  bnrs  and  beanm 
«f  tlie  whole  organism,  may  liave  remained,  mors  or  less  imbedded 
in  limestones,  shnles,  audsandstoneB,  probably  altered  into  marbles, 
■chials,  and  qunrlzitea.  Indeeil,  many  fine-grained  ftilioeous  rocks 
now  appear  lo  have  resnlled  from  limiiolariaa  ooze  itanlf. 

In  comparing  tbe  fossil  and  Ibe  recent  spocimciiB,  Iha  student  has 
tor«oollec]ttbattbe)^neral  form  is  either  glubuIar.ellipBoldal,  or  like 
n*e&,  caps,  nmbrellas,  diacs,  irregular  Hiara.  oliainbered  cones,  otu., 
(U  perfurate.  fenestrate,  or  relioulale.  with  the  ineibea  lengtbeoing 
Ht  iota  apiaes  on  the  surfacv  »r  at  the  edgea.  The  radial  rod-like 
iifiuiea,  whether  or  not  beginning  in  the  tniddlo  iif  the  nuulviir  lube, 
ate  often  united  by  branahing  apioules  at  or  tieiir  the  Nurfaue  of  tbe 
eslynimn.  and  aimilarly  bpoonie  involved  in  the  outer  lattioe-abell. 

In  tbe  Spiimetlaria  tbe  skeleton,  if  presHnt,  conniitta  of  either  pure 
(ilioa  or  of  a  penidiar  GJlicaie  (silicate  of  carbon?)  ;  the  rods  are 
•olid,  AH  in  Ibe  Nnasetlanji.  end  do  not  begin  in  tbe  centre.  In  the 
Acinlharin  tbe  rode  liegin  in  the  centre,  and  consist  ofacantbin.  In 
\ii«  Xansellaria  llie  akeleFon  is  silioeoos;  the  rods  are  solid,  usually 
naoaxiat.  and  belong  to  tbe  nuter  capanle  (onlynima).  In  the 
Ptueodaria  the  skeletuD  ooiisiala  of  a  alliuule,  aud  belongs  to  the  outer 
WpBllle. 

lEaniolarid  froui  Ntraln  of  Tcrli.iry  ;i;;e  h;ive  been  cxaminod  by 
niany  observers.  Some  are  figured  by  Ehrenberg,  who  gave  neatly 
eiecuted  drawings,  but  did  not  olherwiee  advance'  our  scientific 
knowledge  of  these  microzoa.  In  his  "  Mikrogeologie,"  1854,  some 
Bad iolaria  appear  (as  'Polycystina ')  from  Tertiary  beda  at  ^gina, 
2ante,  and  Caltanisetta,  Sicily.  These  are  noted,  as  to  their 
geological  age,  in  the  Ann.  Mag.  Nat.  Hist..,  ser.  iv,  vol.  ix  (1873), 
pp.223,  225,  and  228. 

Messrs.  Jukes-Browne  Js  Harrison,  treating  of  the  siliceous  rocks 
flt  Barbados  (Quart.  Joum.  Geol.  Soc,  vol.  li,  1892,  pp.  103^).  refer 
ki  Baeckel'i  statement  that  many  of  the  Barbadian  Radiolaria  are 
not  known  in  the  modern  ooeanio  ooze,  and  that  about  2o  per  cent. 
of  those  fossil  forms  are  present  in  the  ooze.  These  results  are  taken 
n  determining  a  PHooeae  age  for  the  West-Indian  siliceous  strata 
nfotred  to. 

CretaoeouB  Radiolaria  have  been  freely  studied  :  for  instance,  by 
Buat,  1888 ;  Zittel,  1888 ;  Fernet,  1891 :  Fritach,  1893  ;  Hill  &  Jukes- 
Bnwne,  1695  ;  and  Cayeux,  1897.  They  have  not,  however,  been 
folly  classified  and  strictly  ootnpared  with  other  faunm, 

Jarassic  Radiolaria  ai'e  known  chiefly  from  Dr.  Rdsf's  Memoir  in 
ttn  " Palaeontographica,"  vol.  xxxi  (1885). 

U.  Lucien-  Gayenx'  has  compiled  a  table  of  tbe  geological 
^^xarrenoe  of  Radiolaria  of  Meeozoto  and  earlier  date,  in  which  he 
ttfars^ 

'  "  Coatribatiaa  k  V6tada  aiiciogTaphique  da«  Tenaini  s^imcntairea,  stc."  (4to, 
u3«,  1S87),  p.  20a.  Tbe  Crataceoni  JUu^oiaia  ot  Fiance  and  Belgiiim  an  &«^V 
^•t^  ISS-aOB Mud 4S0-tSi,  pb.  rii  and  riii. 
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fSphieroidea  to  the  Pre-Cambrian,  Silurian,  Devonian,  and  Senonian. 
Ftnnoidea  to  the  Silurian,  Devonian,  Carboniferous,  Permian?,  and 
Senonian. 
Disooidea  to  the  Silurian,  Devonian,  Permian,  and  Jurassic. 

Xassellaria  [  ^3^^^®*  ***  *^®   ^^  •  Cambrian,  Devonian,  Carboniferous,  and 
\         Senonian. 

These  results  differ  somewhat  from  those  given  in  this  notice  of 
Dr.  Hinde's  Radiolarian  researches. 

Dr.  G.  J.  Hinde,  whose  important  memoirs  descriptive  of  Badio- 
larian  rocks  from  different  parts  of  the  world  are  enumerated  at  the 
head  of  this  article,  noticed  in  1890  some  chert  heds,  composed 
mainly  of  Radiolaria,  from  the  South  Uplands  of  Scotland  (ia 
Lanarkshire  and  Peebleshire),  belonging  to  an  Ordovician  formation 
equivalent  to  the  Llandeilo-Oaradoc  series  of  Wales,  and  in  which 
the  late  Dr.  H.  A.  Nicholson  had  already  observed  these  microzoa. 

In  1893  Dr.  Hinde  determined  two  genera  of  the  Order  SphsBroidea, 
and  three  of  Prunoidea,  in  the  chert  of  Mullion  Island  off  the  Lizard 
Peninsula,  Cornwall,  and  suggested  that  they  may  be  of  the  same 
age  as  the  Ordovician  cherts  of  Scotland. 

In  the  same  year,  examining  a  siliceous  rock  from  Fanny  Bay, 
Port  Darwin,  Noi'thern  Australia,  he  found  one  genus  of  Prunoidea, 
five  genera  of  Discoidea,  and  three  of  Gyrtoidea. 

In  1895  Dr.  Hinde  found  in  the  cherts  of  the  Lower  Culm- 
measures  of  Cornwall,  Devon,  and  West  Somerset,  one  genus  of 
Beloidea,  eight  genera  of  Sphseroidea,  three  of  Prunoidea,  seven  of 
Discoidea,  and  four  of  Cyrtoidea.  Of  these  twenty-three  genera, 
''  twenty-one  have  been  previously  determined  from  the  Palieozoio 
formations  of  this  counti^  and  the  continent";  and  of  these,  seventeen 
have  been  determined  by  Dr.  Rust  from  the  Culm  of  Germany,  Sicily, 
and  Eussia. 

In  the  same  year  Dr.  Hinde  examined  some  Badiolarian  rooks  of 
Devonian  age  from  New  South  Wales,  namely,  siliceous  claystones 
and  shales,  volcanic  tuff,  and  chert  from  Tamworth,  also  jaspery 
cherts  with  few  and  badly  preserved  Badiolaria  from  Bingera, 
Barraba,  and  Jenola  Caves.  Although  some  associated  Corals 
indicate  a  Devonian  age,  the  Tamworth  Badiolaria  correspond  on 
the  whole  with  those  from  the  Ordovician  (Lower  Silurian)  phos- 
phorites and  siliceous  shale  of  Cabrieres  and  Languedoc,  described 
by  Eiist  (''  Palceontographica,"  vol.  xxxviii,  1892),  and  those  of  the 
South  Uplands  of  Scotland,  of  corresponding  age  (Hinde,  p.  60). 
The  apparent  absence  of  Cyrtoidea  distinguishes  this  from  Mesozoic 
and  Tertiary  faunee;  the  predominating  forms  being  Sphsdroidea, 
with  medullary  tests  and  radial  spines.  The  Cyrtoidea  were  either 
not  represented  or  by  a  small  minority  in  the  earlier  deposits. 

The  Tamworth  Radiolaria  are : — 


Genera. 

Species. 

Beloidea 

1 

1 

Spharoidra 

14 

28 

Prmmdeti 

4 

7 

Ducoidea 

8 

12 

riectoidea 

2 

6 

29  64 
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The  Oidoviciao  oh»t  of  Chypon's  FariQ,  io  Molliou  [lariMh. 
eontinnons  nitli  the  Radiolnriaii  oljert  of  Mullion  laland.  was 
examined  in  1899,  ami  jfIbIiImI  :  Spliieruidea,  S  j^enera  (with  3 
tpecies) ;  Pmnuiilea,  3  gencni  (0  sptfcicfH)  ;  and  Diacoidea,  1  genus 
{I  ipeoies). 

Dr.  Hiode's  lateet  memoir  on  Rniliulnria  bas  beeu  prepareil  m  an 
Appendix  for  tlie  "  Geology  of  Central  Borneo ,"  to  lie  published  liy 
PrufesBor  Dr.  G-.  A.  F.  Moiengtaaf,  of  the  Dutch  Exploring  Expoili- 
iMa,  in  1893-4.  In  hia  IntroducLioii  Dr.  Hiudti  describes  tin- 
oalcrojM  and  gi'iKirnl  chttracter  of  the  Budiolariaa  rooks  unilor 
notice,  nnniely,  jaspers,  cherts,  homatone,  and  iliabnio  tuff.  Tlieir 
ImkI  ocourreace  in  the  siliceous  rocks  and  in  the  tuffs,  and  the  d\*- 
tribution  of  these  fossil  Radiolari»  in  otiier  oannlrieti,  are  indicateil 
in  Ibe  tablu  at  pp.  41— lli,  and  treated  in  detail  in  tba  text : — 
Gmern.  BjHNjici. 

Meiibir  L  1 

Spkmulra     ...         _.         ...  d         „.         17 

fnmaidra       b        12 

Daniiea         8         10 

CyriiMm       13       B« 


These  rocks  are  stated  to  underlie  strata  of  Cer 
*ni!  they  si-eiu  Io  belong  either  to  tlie  latest  Jurassic  or  the  enrliost 
Cretaceous  ago,  as  is  the  oase  also  with  the  Kadiolarian  cherts  and 
jupers  of  the  Coast  Range  in  California. 

Great  nervioea  have  been  rendered  to  geology  by  Dr.  Hinde'a 
elacidalion  of  the  relics  of  some  very  obscure  Invertebrata,  in  his 
uccessfiil  studies  of  the  Silurinn  Couodonts,  of  Sponges  of  every 
group  and  age,  and  now  of  PalieoKuic  and  other  Radiolaria.  He  hiia 
Ihos  indicated  bow  the  relative  age  of  many  rooks  may  he  deter- 
mined by  the  evidence  of  several  kinds  of  microscopic  fossils. 

II. — Bklicoprios — Spisb  ob  Tooth? 
"Ueber  di»  Reate  von  Edestiden  nnd  die  neue  Gattiing  ErMcoprion." 
By  A.  Karpinsky.     Verhandl.  k.  msa,  min.  Ges.  S(.  Petersburg, 
«r.  H,  vol.  xsxvi.  No.  2,  with  4  ph.  and  73  text-figs.  (1899). 

PALEONTOLOGISTS  are  indebted  to  the  eminent  Director  of 
the  Imperial  Russian  Geological  Survey  for  one  of  the  most 
eilaustive  tuemoire  on  a  fossil  ever  published.  Dr.  Karpinsky's 
^Bsoription  of  the  strange  'ichthyodorulite.'  Heticoprioit:  is  a  model 
of  what  Fuch  a  work  should  be — thorough  from  every  point  of  view, 
EHlogical,  chemical,  and  biological.  It  is,  moreover,  illustrated  by 
"quiiite  plates,  besides  numerous  text-figures,  representing  not 
''Qly  the  outward  form  of  the  problematical  fossils  dealt  with,  but 
*W  every  feature  of  their  microscopical  structure, 

Belieoprion,  to  a  superficial  obaerver,  looks  much  like  an. 
"nunonite;  bat  on  closer  inspection  it  is  easily  reoognizable  as 
*  epiral  oonaieting  of  teeth  firmly  fixed  together  by  their  bases. 
fragments  of  a  more  or  less  similar  spiral  have  aliead^  Vn«iv 
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described  under  the  name  of  Ede$iu9  from  Carboniferous  strata  in 
North  America,  Eussia,  and  Western  Australia;  but  no  specimens 
at  all  approaching  the  two  best  of  the  fossils  now  made  known 
by  Dr.  Earpinsky  have  hitherto  been  discovered.  The  rival  theories 
by  which  Edeatua  has  been  sometimes  ascribed  to  the  jaws,  some-, 
times  to  the  external  dermal  armour  of  a  shark  or  skate,  can  thus 
be  discussed  again  in  the  light  of  important  new  facts.  If  the 
Edestidsd  must  still  remain  as  Elasmobranchs  of  uncertain  zoological 
position,  the  memoir  before  us  at  least  makes  great  accessions  to 
our  knowledge  of  the  essential  points  in  the  structure  of  their 
so-called  segmented  spine. 

The  new  fossils  forming  the  subject  of  the  memoir  were  discovered 
by  Mr.  A.  Bessonow  in  the  Permo-Oarboniferous  (Artinsk  Series), 
near  Krasnoufimsk,  in  the  Government  of  Perm.  They  comprise 
two  nearly  complete  spirals  from  0*238  m.  to  0*260  m.  in  diameter, 
besides  three  fragments,  and  were  sent  by  their  discoverer  to  the 
Museum  of  the  Impenal  Geological  Survey,  St.  Petersburg.  The 
ends  of  both  spirals  are  incomplete,  but  both  exhibit  approximately 
3^  whorls,  all  in  one  plane  and  apparently  bilaterally  symmetrical. 
The  segments  or  teeth  of  the  central  whorls  are  relatively  very 
small,  but  they  rapidly  increase  in  size  towards  the  periphery,  and 
are  largest  at  the  free  outer  end.  In  one  specimen  136,  in  the  other 
specimen  146  segments  are  preserved  or  indicated.  The  segments 
resemble  those  of  the  typical  species  of  Ede»iti8  in  all  respects, 
except  that  the  enamel  extends  far  down  the  middle  of  the  side  of . 
the  base,  and  there  is  a  notch  at  the  inner  extremity  of  the  base. 
These  two  features,  together  with  the  remarkable  extent  of  the 
spiral,  are  rightly  judged  by  Dr.  Karpinsky  to  be  the  marks  of 
a  distinct  genus,  which  he  names  Helicoprion.  All  the  new 
specimens  are  placed  in  a  single  species,  named  H.  Besaonowi 
after  their  discoverer.  Edestus  Davisi,  H.  Woodw.,  from  the  Car- 
boniferous of  Western  Australia,  is  provisionally  referred  to  the 
same  new  genus. 

After  a  detailed  description  of  the  general  characters  of  these 
remarkable  fossils.  Dr.  Karpinsky  illustrates  their  microscopical 
atructure  by  a  series  of  beautifully  prepared  sections.  They  are 
shown  to  consist  of  vaso-dentine,  without  any  trace  of  bone-cells ; 
and  the  superficial  enamel  seems  to  be  the  ordinary  gano-dentine 
or  vitro-dentine. 

Chemical  analyses  by  Mr.  B.  Earpow  are  also  discussed,  and  the 
conclusion  is  arrived  at  that  the  fossil  itself  consists  chiefly  of 
a  substance  closely  resembling  apatite. 

Two  or  three  of  the  specimens  exhibit  numerous  small  granules 
over  and  around  the  bases  of  the  segments.  These  are  next 
treated  in  great  detail,  and  the  description  is  again  illustrated  by 
beautiful  microscopical  preparations,  of  which  figures  are  given. 
Dr.  Karpinsky  regards  these  granules  as  shagreen  or  placoid  scales, 
though  he  finally  admits  that  he  does  not  know  shagreen  granules 
of  precisely,  the  same  structure  in  any  other  Elasmobranchs.  In 
<jar  opiDiOD  they  are  not  dermal  structures,  but  the  well-known 
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granulnr  calciiicatiouB  of  Elnsiuobranoli  cartiltiga,'  wliiuh  mo  cifteu 
mistaken  for  shitifreen  \<y  palepoiitologisU. 

Having  deacribeil  tlie  new  foBBiU  and  doteniiined  their  generio 
ud  specific  cliaractere,  Dr.  Karpinaky  coiicludeB  witli  a  most 
exhanetive  discusBioQ  of  their  true  nature,  wbicb  is  facilitated  by 
the  ooDciae  sketch  of  oar  previous  knowledge  of  Edettus,  given 
■s  an  introduction  to  the  memoir.  lie  regards  four  results  as 
Htabliabed  :  (i)  that  Hdieoprion  belongs  to  an  Elasmu branch  ; 
(ii)  that  the  Imses  of  all  the  segmeuls  of  the  spirnl  were  eml>odded 
in  the  soft  parts  of  the  fish ;  (iii)  that  the  spiral  must  hav»  beea 
Mluated  in  the  vertical  median  plane  of  the  fish;  and  (iv)  that  Iha 
whole  of  the  spiral,  except  the  large  end,  mnst  have  been  exposed. 
In  a  diagrammatic  sketch  be  represents  the  problematical  fossil  as 
originating  in  the  upper  jaw,  and  curling  forwards  and  upwards  bq 
that  the  spiral  forms  a  terrible  weapon  above  tbe  snout.  On  this 
tnpposilton,  each  individual  would  possess  only  a  siugle  weapou  of 
llie  kind. 

In  connection  with  (be  lasl-nienlioiied  circumstance,  it  would  be 
interesting  to  know  whether  the  five  examples  of  Jlelicoprlon 
discovered  in  the  quarry  near  Krasuoufimsk  were  found  close 
together  at  oue  lime,  or  whether  there  is  any  other  evidence  of 
their  natural  association.  For  a  reoent  discovery  by  Dr.  Traqnair 
mthe  Lower  Old  Red  SandBtone  of  Turin  Hill,  Forfarahire,''  proves 
nnSoubledly  that  there  were  Palieozoic  shnrks  with  sharp,  piercing 
laeth.  whicii  iverfi  iiovor  shed,  hut  becaUiB  fused  into  whorls  as  tlio 
luimal  grew.  If  he  be  correct,  the  teeth  in  these  Lower  Devonian 
iharka  even  formed  spirals;  for  he  considers  that  the  so-called 
(hjehodui  angliaa  from  Ledbury,  figured  in  the  BriL  Mus.  Catal. 
Foti.  Fishes  (pt.  ii,  pi.  xv,  fig.  1),  truly  beloDgB  to  the  same  Elasmo- 
biaacb  genus  as  the  head  from  Forfarshire.  It  is  well-known  that 
ths  omshing  dental  plates  in  the  Elasmobranch  CoohliodontidEe 
ninetinieB  became  considerably  in-rolled  at  the  outer  margin  whero 
Ihej  could  not  break  away.'  The  discovery  of  Elasmobranohs  with 
ntting  or  piercing  teeth  similarly  disposed  ib  therefore  not  surprising. 
tint  fact  that  the  known  speoimena  of  Edulut  and  Helieoprion  are 
laterally  symmetrical  does  not  necessarily  re1e«^te  tbem  to  the 
B»dian  line,  if  they  happen  to  be  whorls  of  teeth ;  for  several  of 
tlw  anterior  i-ows  of  teeth  in  the  living  CMamydoielaehe  exhibit 
ntential  bilateral  symmetry.'  Moreover,  it  may  be  remarked  that 
tbe  possibility  of  Edetlnt  and  Helieoprion  being  whorls  of  teeth  from 
tin  month  is  not  negatived  by  the  ahaenoe  of  lateral  facettei  or 
ttarks  of  contact  with  adjoining  whorls :  they  may  have  been  well 
Hptrated,  as  in  the  existing  shark  just  mentioned.    The  conoeption 

'  Compan  fignm  by  ^illiamton,  Phil.  TnuM.,  1S51,  pi.  ux,  fig.  29  ;  and 
*■  Fritach,  "  E^nna  der  Ctoakohla,"  vol.  ii  (1889),  p.  101,  flea.  I7S,  ISO. 

'  B.  H.  Traqnair,  "  Kote*  on  Paloonrie  Fiilui'' :  Ann.  Hag.  Nat.  Hist.  [7], 
*il-  a  (1898),  p.  6S  (Fniabu  wrf-  -  ■=  "•  "— ' ' 

'  E.g.  COcAliediH  amloriut.  At 
m.  i  [IssS),  pi.  Ki,  flgi.  «■,  5. 
' '  B.  Qarnaii :  Boll.  Hni.  Comp.  Zoot.  Hantrd  Univ.,  tuI.  ^,  Sa.  \,  1^  ft,  'f 
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of  a  gigantio  shark  armed  in  both  jaws  with  several  series  of  teeth 
like  those  now  described  under  the  name  of  Helicoprion  is,  indeed^ 
sufficiently  startling ;  but  it  seems  to  us  more  likely  to  be 
realized  than  the  hypothesis  which  Dr.  Earpinsky's  most  interesting 
researches  have  led  him  to  propose.  A.  S.  W. 


III. — Fauna  der  Gaskohlb  und  dbr  Kalksteime  deb  Pbbu- 
FORMATION  B5HEM8,  von  Dr.  Ant.  Fritsoh,  F.R.G.S.  Bd.  iv^ 
Heft  1,  Myriopoda,  Pars  1  ;  and  Bd.  iv,  Heft  2,  Myriopodu, 
Pars  2,  ArachiToidea.  4to ;  pp.  1-32  and  33-G4,  pis.  cxxziii-cxiir 
and  cxlv-cliii.     (Prague,  1899.) 

THE  progress  of  this  important  work,  dealing  with  the  fauna  of 
the  Gas-coal  of  Bohemia,  has  been  noticed  from  time  to  time  in- 
the  Geological  Magazine.  In  the  fourth  volume  the  author  com- 
mences the  description  of  the  Articulata  of  the  Permian  formation. 
There  is  little  to  say  concerning  the  Hexapoda,  or  Insects  proper ;. 
three  species  of  Fhryganea  are  recorded  as  evidenced  by  the  cases  of 
the  larvsd  of  the  Caddis-fly,  and  some  fragments  of  the  wings  of  the 
adult  insect.  Of  Orthoptera  (Cockroaches)  he  describes  Ftoblaiiina 
Fohemica,  Arthrohlattina  Zuhnensis,  and  two  others,  chiefly  from 
wings,  and  three  insects  of  uncertain  determination. 

Pages  13  to  55  of  the  two  parts  are  occupied  with  descriptions  and 
figures  of  the  wonderful  series  of  Myriopoda,  of  which  no  fewer  than 
thirty-four  species  are  enumerated,  some  being  smooth  unspined 
forms  like  the  modern  Julua,  others  armed  with  rows  of  powerful 
curved  and  branched  spines  (each  compound  or  double  division  of 
the  body  bearing  two  pairs  of  legs),  well-developed  trachece,  a  head 
furnished  with  compound  and  simple  eyes  (ocelli),  and  one  pair  of 
antennse. 

Such  forms  of  centipedes  have  long  been  known  from  the 
Carboniferous  Series,  both  in  England  and  America.  The  earliest 
record  of  the  discovery  of  terrestrial  Arthropods  from  the  Coal- 
measures  of  England  was  made  by  the  late  Rev.  P.  B.  Brodie  in 
1845,  in  his  "History  of  Fossil  Insects."  In  this  work  Professor 
Westwood  states  that  he  regarded  the  organism  (which  we  now 
know  to  be  part  of  a  gigantic  spined  Myriopod)  as  the  remains  ''of 
some  large  Caterpillar  furnished  with  rows  of  tubercles."  The  late 
J.  W.  Salter  in  1863  described  a  similar  fossil  from  the  Clay- 
ironstone  of  the  Staffordshire  Coalfield  under  the  name  ofFurypteru& 
(Arthropleura)  ferox,  and  referred  to  it,  as  a  most  curious  crustacean 
fragment,  part  of  the  spined  abdomen  of  a  Ewypterua,  Messrs. 
Meek  &  Worthen,  in  their  Geological  Survey  of  Illinois  (1868), 
were  the  first  who  correctly  recognized  these  fossils  from  America 
as  the  remains  of  gigantic  spined  Myriopods.  Similar  forms  have 
since  been  described  by  Scudder  in  America  and  Dr.  Woodward  iD 
England  (see  Geological  Magazine,  1887). 

Numerous  illustrations  are  given  in  the  text  to  show  the  character 
and  arrangement  of  the  rows  of  branched  spines  upon  the  sides  of 
the  dorsal  /surface  of  the  segments,  the  traohseal  openings,  the  jointed 
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I«g8.  the  form  uf  the  hear],  the  compound  eyes,  ths  ocelli,  the 
itnlennee,  and  fhe  jhws,  Niiieteeo  plates  are  likewise  devoted  lo  the 
illustration  of  the  varioiia  forms  of  these  cdHouh  Myriopods.  giving 
full  detail  of  their  striiclure  and  omamenlation.  Ono  form  of  King- 
crab  is  also  desoribr^d  under  tbenanieofPraIimiiiu«n''oorfieai'(Ii'(rrit8ch). 
The  shaleB  in  which  theiie  remains  abound  are  pyritoug,  and  the  | 
fossils  in  them  very  rapidly  perish.  In  order,  therefore,  to  resous 
the  evidence  of  these  orynnisms  from  destruction,  the  anthor  has  hit  | 
upon  the  idea  of  making  electrotypes  of  all  the  imporlant  specimens, 
wbieh  tlius  become  permanent  reciirds  in  the  Prague  Museum.  This 
i*  no  novel  process,  however,  as  Jnles  Maroon  introduced  the  sams 
method  of  olectrotyping  the  Trilobites  of  Canada  forty  years  ago. 

One  Ciinnot  fail  to  be  iinpiuased  by  thegreat  antiquity  of  these  curious 
fonns  of  n]aiiy-joint«d  terrestrial  air-breathers,  which  even  at  this 
#itrly  geological  period  enjoyed  so  wide  a  geographical  distrihuticn 
vver  the  globe.  Their  primitive  characler  and  simple  clougated 
fiimtN,  with  simielimes  oylindrionl,  sometimes  flattened  body,  present 
tUe  grfHtest  resemblance  to  the  Annelids  in  the  serial  itimilarity  of  ' 
tliB  rings  of  the  body  and  in  their  mode  of  locomotion. 

The   genera  described   by    Dr.  Fritsoh   embrace  Aeanilierpettei, 
^  species ;  £uplioberia,  2  species ;    lnojnlnt,  8  species ;    I'lfitrojidut,     , 
6  species;  Anlkraeojidat,  1  species;    Pi/li'jnlui  [XijtoiitHi).  4  species;     ' 
Aeroylomeris,  2    species;     ArchitcMlderta,  (J    species;     Glotiteroptil, 
4  Rp*icies :    ffemiphoh^riii,   1    Bpecies  ;    Purkijnia,   1   speoies ;    -ffetero- 
torhaejiii,  1  fpcfics  ;   iiml  Sfiiiiilfni^ria.  1  upecies. 

The  Arachnoidea  also  appear  to  claim  a  very  early  place  among 
the  air-breathers  in  geological  time.  No  scorpions  are  here  figured 
by  Dr.  Fritsch,  although  some  of  the  earliest  examples  of  this 
remarkable  type  were  obtained  by  Count  Sternberg  from  Bohemia. 
The  spiders  are  Tepresenled  by  the  genera  Hemiphrynut.  2  species ; 
Prontygale,  3  species  ;  Arthrolgeoia,  3  speeiea  ;  and  i'^rt(aran«a, 
1  species.  On  plate  cliii  is  figured  a  remarkable  example  of 
Arthrdyeoga  proli/eTa,  a  female  having  a  oooooa  of  well-developed 
yonng  attached  to  its  body.  Enlarged  fignreg  of  some  of  the 
embryo  spiders  are  given.  One  is  at  a  loss  to  nnderstand  how  the 
mall  shells  known  as  Spirogli/phut  vorax  happen  to  be  fonad 
attached  to  the  body  of  a  spider  {ProiaygaU  rotundata,  pi.  cliii, 
fig.  4) ;  these  small  discoidal  spiral  shells  were  formerly  oonsidered 
St  the  cases  of  marine,  or  at  least  aqnatio,  Annelids.  They  were 
probably  forms  of  some  kind  of  pamsitio  tnbe-dweller,  perhaps 
Isrreatrial. 

We  cannot  help  expreesing  regret  that  the  draughtsman  who 
prepared  the  plates  hsid  not  possessed  a  more  delicate  and  artistic 
peroeptioD  of  the  objeola  he  has  delineated.  They  might  have  been 
made  so  much  more  beautiful  by  being  less  coarse  and  heavy  in 
exeontion,  and  the  expenditure  in  colouring  seems  to  ui  to  be  after 
til  of  donbtful  value  compared  with  extreme  ocouiaoy  of  minnta 
detail  and  correct  drawing  of  the  outlines. 

All  praise  is  due  to  Dr.  Fritsch  for  the  earnest  labonr  he  has 
beetowed  for  ao  many  years  in  hriogiog  out  his  giMfk  wotV  on  ^vb 
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fauna  of  the  Gas-ooal  of  Bohemia.  It  has  cost  the  author  much 
money,  which  we  fear  he  will  never  be  recouped;  but  students 
of  palceontology  all  over  the  world  cannot  fail  to  be  grateful  to  him 
for  making  them  acquainted,  by  means  of  this  work,  with  the  rich 
and  varied  fauna  of  the  Peruio-Carboniferous  Series  of  Bohemia. 


IV. — ^The  Intkbnational  Geography.  By  Seventy  Authors.  Edited 
by  Hugh  Bobert  Mill,  D.Sc,  F.B.S.E.,  etc.  8vo ;  pp.  xx  and 
1,090,  with  488  Illustrations.  (London:  George  Newues, 
Limited,  1899.     Price  15».) 

IF  any  evidence  were  wanting  in  order  to  prove  the  veist  and 
ever-increasing  importance  which  a  knowledge  of  geography 
has  of  late  years  assumed,  we  have  but  to  turn  to  the  enormous 
development  which  the  closing  years  of  the  century  has  witnessed 
in  the  issue  of  maps,  both  geological  and  topographical,  and  the 
cheapening  of  their  production  so  as  to  bring  them  witliin  the  reach 
of  all  who  seek  for  such  knowledge  as  they  convey. 

Along  with  maps  of  all  kinds,  come  naturally  in  importance 
handy  books  of  reference  bearing  upon  all  questions  of  geography 
which  maps  portray  graphically,  but  do  not  explain  so  fully  as  c^in 
be  done  in  a  textbook.  Dr.  Hugh  Bobert  Mill,  from  the  vantage- 
ground  of  his  position  as  an  officer  of  the  Boyal  Geographical 
Society  of  London,  has  been  enabled,  with  the  aid  of  a  whole 
army  corps  of  authors,  to  bring  together  in  a  little  over  1,100 
well  and  clearly  printed  pages,  a  complete  summary  of  the  globe, 
arranged  under  countries,  giving  in  each  case  an  account  of  its 
general  configuration  and  geology,  its  river-systems,  climate,  natural 
resources,  and  a  brief  notice  of  its  fauna  and  flora,  llie  several 
peoples  are  described  as  to  race,  language,  history,  and  mode  of 
government ;  with  their  manufactures  and  external  trade ;  and 
especially  the  main  industries  peculiar  to  each  country ;  with  their 
system  of  internal  communications.  The  political  divisions  are  con- 
sidered individually,  tog^ether  with  notices  of  towns.  All  towns  with 
populations  of  100,000  and  upward  are  separately  noticed,  and  all  other 
towns  which  are  of  special  importance.  In  every  case  where  it  is 
possible,  the  characteristics  of  the  site  which  determines  the  position 
of  a  town,  or  the  geographical  conditions  which  minister  to  its 
prosperity,  have  been  noticed.  A  statistical  table,  giving  the  area 
and  population  at  the  last  two  censuses  of  the  whole  country,  and 
in  federal  countries  of  the  constituted  states ;  the  average  values  of 
exports  and  imports  for  three  five-yearly  periods,  ten  years  apart, 
e.g.,  for  1871-75,  1881-85,  1891-95,  have  been  taken,  and  the  chief 
towns  with  their  population  at  the  two  last  censuses. 

The  introductory  general  discussions  of  mathematical,  physical, 
commercial,  and  political  geography  are  written  from  a  strictly  geo^ 
graphical  point  of  view,  nnd  in  a  purely  general  manner,  referring; 
only  to  such  phenomena  or  conditions  as  are  not  restricteil  to 
particular  regions.  The  object  has  been,  not  to  give  a  treatise 
on  the  subject  named,  but  to  supply  the  few  general  facts  and 
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priociplM  ti«c«SHary  to  tbe  ooniprebetieion  of  the  special  geognphy 
of  e&cb  individual  ooantry.  Tbe  general  desortption  of  each  cuntinent 
refers  ualj  to  the  largest  sad  most  determinative  features,  aud  tlieao 
are  taken  in  the  following  order :  coasta,  surface,  geology,  climate, 
flora,  faaaa,  aatUropoIogy,  history,  including  territorial  changes  of 
the  largest  order. 

To  afford  soma  further  insight  into  the  arrangement  of  the  work 
we  may  mention  that  tbe  principles  and  pi'ogress  of  geogra^ihy  are 
treated  by  Or.  H.  U.  Mill;  mathematical  geography,  dealing  with 
the  form  and  diweusions  of  the  eaitli,  and  the  methods  employed 
for  determining  and  representing  the  positions  of  places  upon  its 
■urface,  a  chapter  full  of  most  valuable  and  conoise  information,  is 
by  Dr.  A.  U.  W.  Downing,  F.U.S. ;  maps  and  map-reading,  by  tho 
veteran  cartogi'upber,  E.  G.  Kavensteiu;  the  plau  of  tbe  earth, 
aealing  with  ita  form,  ia  by  Dr.  J.  W.  Gregory,  F.G.S.,  of  tbe 
British  Museum,'  aud  treats  of  "  tbe  tetrabedral  theory  of  the  earth," 
which  we  need  not  now  discuss  here,  but  refer  our  readers  to  this 
work  and  to  Gregory's  original  paper  (Geographical  Journal,  1889, 
vol.  xiii,  p.  225). 

Tbe  next  chapter  on  "Land-Forms,"  by  Dr.  Uugb  Robert  Mill, 
treats  of  the  relative  divisions  of  the  earth's  crust  into  oceanio 
ptsteau,  continental  slope,  continental  plateau,  and  culminating 
srea;  of  land-forms,  of  the  matorinla  of  the  earth's  crust,  giving 
the  nature  of  the  geological  formations,  their  order  of  succession, 
ud  the  subseqaant  Fomia  and  features  produced  by  orustal  move- 
ments, subaerial  aod  marinb  denudation,  and  tbe  result  of  rivers. 
Sir  John  Murray  and  Dr.  Mill  follow  with  a  chapter  on  the  ooeans, 
which  is  concise  and  up  to  data.  In  this,  as  in  other  parts  of  the 
work,  in  oonseqiienoe  of  the  earnest  effort  made  to  oondense  the 
greatest  amount  of  information  into  tbe  smallest  possible  space,  the 
488  text-ill  a  stratious  suffer  ia  oonsequence,  both  iu  size  and  quality, 
lad  some  of  them  hardly  do  justice  to  the  work.  This  will,  we 
hope,  ba  reoc^nized,  and  remedied  in  a  second  edition,  which  is 
oartain  to  be  oalled  for.  Mr.  H.  N.  Dickson  follows  with  a  chapter 
on  "The  Atmosphere  and  Climate";  and  Professor  J.  Arthur 
nwmson,  on  "The  Distribution  of  Living  Creatures,"  in  which 
the  author  discusses  that  most  interesting  question,  tbe  relation 
at  the  dry-land  and  fresh-water  faunas  to  the  littoral  fauna,  the 
pelagio,  the  deep-water,  and  the  abyssal  faunas,  and  su^ests  that 
•  UUoral  fauna  was  probably  the  original  one  whenoe  have  been 
dsrived  on  the  one  hand  tbe  pelagic  and  abyssal  faunas,  and  on  the 
other  those  of  the  fresh  waters  and  dry  land.  Professor  Brooks,  on 
the  contrary,  maintains  that  the  pelagio  faana  was  primitive,  for 
there  the  oonditions  of  life  are  easiest;  while  Sir  John  Murray 
takes  the  fauna  of  the  '  mud-line,'  i.e.  the  boundary  between  the 
ibyaa^  and  the  littoral  (or  neritio)  regions  at  an  average  depth  of 
•bout  100  fathoms,  as  the  primitive  life-zone.  Here  the  minute 
oi^aoio  and  inorganlo  particles  derived  from  the  land  and  surface- 

>  Iwt  appointed  (as  we  wcite]  to  ths  Chsir  of  Professor  of  Geolo^  in  the 
Hunttitj  of  Uelbonrne,  Victoria,  Anttmlia. 


40  JRevietca — MilFa  International  Geography. 

waters  find  a  resting-plaoe  upon  the  bottom,  the  great  feeding- 
ground  of  the  ocean,  and  whioh  seems  to  be  very  densely  peopled. 
He  holds  to  the  view  ''that  in  early  geological  times  there  was 
a  nearly  uniform  high  temperature  over  the  whole  surface  of  the 
globe,  and  a  nearly  uniformly  distributed  fauna  and  flora;  and 
that  with  the  gradual  cooling  at  the  Poles,  species  with  pelagic 
larvBB  were  killed  out  or  forced  to  migrate  towards  the  Tropics, 
while  the  great  majority  of  the  species  which  were  able  to  survive 
in  the  Polar  areas  were  those  inhabiting  the  mud-line  "  (p.  95). 

'*The  Peoples  of  the  Earth  and  the  Distribution  of  Mnnkind,"  which 
forms  the  subject  of  a  chapter  by  A.  H.  Eeane,  deals  with  the  human 
race  from  a  geological  as  well  as  a  zoological  standpoint  Of  course, 
the  Pliocene  man  from  Java,  Pithecanthropus  ereetus  (spelt  in  error 
'  erectts '),  takes  a  prominent  place,  but  we  have  always  felt  that 
Dr.  E.  Dubois's  discovery  rested  upon  extremely  slender  evidence, 
and  that  too  large  a  superstructure  of  theory  should  not  be  built 
upon  so  small  a  foundation  of  fact.  After  treating  of  the  various 
races  of  mankind,  the  writer  remarks  that  from  Neolithic  tim^s 
the  Ethiopic  and  American  groups  have  been  losing,  whilst  the 
Caucasians  and  Mongols  have  been  everywhere  gaining  ground, 
with  results  expressed  in  terms  of  population  as  under : — 

Caucasians  770,000,000 

Mongols  640,000,000 

Ethiopians  176,000,000 

Americans  22,000,000 


Total        1,607,000,000 

We  can  only  hope  that  in  the  struggle  of  races  the  Caucasian  may 
maintain  his  superiority  over  the  Mongol,  but  time  alone  will  show 
whether  he  will  be  able  to  do  so  or  not. 

Part  I  ends  with  a  chapter  on  Political  and  Applied  Geology,  by 
Dr.  J.  S.  Keltic,  Secretary  of  the  Boyal  Geographical  Society, 
carrying  us  to  p.  121,  which  may  be  considered  to  oonclude  the 
introductory  matter  of  the  volume. 

Part  II  contains  the  sum  and  substance  of  the  work  itself. 
Commencing  with  the  geography  of  Europe,  pp.  123-421,  Asia 
follows  next,  pp.  422-574,  taking  in  Japan  and  the  East  Indian 
Ittiaods.  The  next  section  deals  with  Australia  and  Polynesia, 
pp.  575-663.  North  America  commences  book  4,  pp.  664-781. 
Central  and  South  America  occupy  book  5,  pp.  782-iB88.  Africa 
forms  book  6,  pp.  889-1024.  The  last  section  of  the  book  treats  of 
the  Arctic  and  Antarctic  regions  (pp.  1025-1053),  a  chapter  full  of 
interest  both  for  geologists  and  geographers. 

As  a  proof  of  the  value  of  this  book  as  a  handy  work  of  reference, 
it  may  be  mentioned  that  the  index  contains  about  15,400  names  of 
places  described  and  localized  in  the  body  of  the  work,  besides 
references  to  temperatures,  winds,  climate,  population,  animals, 
plants,  geology,  minerals,  rivers,  mountains,  fisheries,  timber,  and 
endless  other  matters  that  may  well  be  included  in  such  a  oom- 
prehensive  work. 
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We  are  much  indebted  to  the  eUilor  and  Iiia  vast  array  of  niithora 
for  tliU  valuable  volume,  wbicL  is  certain  to  find  a  place  lu  every 
(cienUfio  library,  and  in  every  series  of  books  of  ready  rsfereuoe  in 
both  private  and  pablic  libraries  in  England,  America,  And  our 
<Moniee. 


Oedlooioal  Sociktt  or  Londoh. 
ITovember  22,  1899.— W.  Whitaker,  B.A.,  F.R.S.,  PrBsidwit,  ii 
tlie  Chair. 


Tbe  Freeideiit,  having  reqiiesteil  all  present  to  riBB  from 
llieir  seats,  expi^Nsed  in  feeling  terms  the  sorrow  felt  by  tlie 
.Society  at  the  unexpectedly  sudden  loss  of  an  esteeinetJ  Fellow 
and  genial  friend,  Dr.  Henry  Hioks,  P.K.S.,  V.P.O.8.,  to 
wjioie  energy  and  perseverance  the  Quarterly  Journul  owed 
so  many  papera,  and  from  whom  many  more  valuable  con- 
tributions might  have  been  ex]>eoted  in  the  years  to  oome. 
Tlie  following  resotation  bail  been  passed  by  the  Council  that 
tfternoon,  and  s  copy  thereof  bad  been  communicated  to 
Mrs.  Bioks  with  an  exprewiou  of  sincere  syinpathy : — 

"  That  the  Conncil  desire  lo  place  on  record  their  great 

grief  at  the    loss    which    Geological    Science    and    the 

Geological    Society    have    sustained    by    the    death    of 

tbelr  Vice- President,  Dr.  Henry  Hiclcs,  who  so  recently 

occupied   the   Presidential    chair,   and    bo    energetically 

alteiided  to  the  welfare  of  the  Society." 

The  President  then  said  that  the  Society  had  to  deplore 

another  severe   loss   in   the  person  of  their  revdre<l    friend, 

Sir  J.  William  Dawson,  C.M.G.,  r.E.S.,  who  died  at  Montreal 

on  Sunday,    the    19th    iiist.      The    Council    had    passed    the 

following  resolution  :— 

"That  the  Council  have  heard  with  deep  regret  of  the 
decease  of  the  old  and  valued  Fellow  of  the  Geologioal 
Society,  Sir  J.  W.  Dawson,  who  for  nearly  fifty  yenrs  has 
taken  an  active  part  in  advancing  geological  knowledge 
in  general,  and  more  especially  with  regard  to  the  great 
I^oniinion  of  Canada;  and  they  desire  to  assure  Lady 
Dawson,  and  the  distinguished  Fellow  of  the  Society, 
Dr.  Georgo  Dawson,  of  the  Connoil's  sincere  sympathy 
in  their  loss." 


Tbe  following  commnnioatioDs  were  read  :— 

1.  "  On  Mtne  RamarkaUe  Calcisponges  from  the  Eooene  Tertiary 
*»l«  of  Victoria  (Aastnlia)."  By  George  JenoiDgs  Hiade,  Ph.D., 
'•H.S.,  F.G.S. 
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The  greater  number  of  the  sponges  desoribed  .were  discovered 
by  Mr.  T.  S.  Hall,  M.A.,  of  Melbourne  University,  in  incoherent 
detrital  beds  of  Eocene  age,  in  the  southern  part  of  Victoria ;  a  few 
were  picked  out  of  some  washings  of  fragmental  polyzoa  from 
the  same  district  and  horizon,  by  Mr.  B.  W.  Priest.  Some  of 
the  specimens  are  in  an  extremely  perfect  condition,  and  their 
structural  details  are  as  distinctly  shown  as  in  recent  sponges. 
They  are  also  of  more  than  local  interest  in  that  they  are  the  first 
fossil  forms  described  of  a  group  of  calcisponges,  the  Lithonina^ 
characterized  by  the  peculiar  aberrant  forms  of  some  of  the  spicules, 
and  the  mode  in  which  they  are  closely  fitted  and  organically  fused 
together  to  form  the  skeletal  mesh.  This  structure  has,  so  far, 
only  been  recognized  in  one  recent  species,  Petrotiroma  Schulzei, 
Doderlein,  from  the  Japanese  Sea. 

llie  sponges  are  small,  unattached,  with  a  glassy,  firm,  resistant 
skeleton,  calling  to  mind  that  of  siliceous  Lithistida.  They  are 
built  up  of  a  great  variety  of  spicular  forms  ;  some  are  simple  rods, 
with  three-  and  four-rayed  spicules,  similar  to  those  in  reoent 
calcisponges ;  but  the  majority  are  aberrant  four-rayed  forms,  with 
three  of  the  rays  curved  and  with  obtuse  or  expanded  ends  which 
are  clasped,  and  fused  as  well,  to  the  surfaces  of  adjacent  spioulea. 
The  connected  spicules  form  continuous  anastomosing  or  radial 
fibres  resembling  those  in  the  fossil  Pharetrones,  to  which  they  ara 
in  some  other  respects  similar,  and  it  is  probable  that  the  spicules  in 
the  fibres  of  some  members  of  this  family  were  likewise  organically 
cemented  together.  The  common  Poroaphara  from  the  Upper 
Chalk,  generally  regarded  as  Hydroooral lines  allied  to  the  recent 
Milleporat  are  also  closely  related  to  the  above  sponges,  and  the 
author  hopes  shortly  to  publish  the  evidence  for  their  affinity  to 
this  group. 

The  Victorian  sponges  are  placed  in  four  new  species,  belonging 
to  three  genera :  two  of  these  are  new ;  the  other,  BactroneUa,  Hinde, 
was  founded  on  some  peculiar  calcisponges  of  Jurassic  age,  now 
known  to  be  Lithonine  in  character. 

2.  "  The  Silurian  Sequence  of  Rhayader."  By  Herbert  Lapwortb, 
Esq.,  F.G.S. 

This  paper  opens  with  a  general  reference  to  the  Ordovician  and 
Silurian  complex  of  Central  Wales,  and  a  notice  of  the  geological 
work  hitherto  done  in  the  region.  The  stratigraphical  relations  of 
the  Silurian  formations  which  occur  in  the  country  surrounding 
the  town  of  Rhayader  (Radnorshire)  are  then  described  in  detaiL 
Typical  and  confirmatory  sections  are  given,  demonstrating  the 
complete  local  sequence  of  the  rocks  of  the  Rhayader  district.  These 
are  illustrated  by  lists  of  characteristic  graptolites.  These  fossils 
are  compared  with  those  of  Southern  Scotland,  Sweden,  and  North 
Wales,  showing  that  the  graptolite  succession  is  everywhere  similar, 
and  fixing  the  age  of  the  Rhayader  Series  as  representing  the  Lower 
Llandovery,  Upper  Llandovery,  and  Tarannon  of  other  areas. 
Finally,  several  new  species  of  Climacograptus  and  Diplograptu$ 
are  desoribed. 
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No  Biiigla  section,  taken  in  any  direction  aoross  the  RbiijadOT 
oaaotrj,  sbowa  the  complete  succession.  In  Any  nrea  Boma  ons 
group  is  always  better  developed  tbaiiotbers;  and  eoDie  portion  of  ift 
least  one  group  ia  certain  to  be  missing.  The  lowest,  or  GwastadeS 
Group,  bas  a  maximum  thickn^as  of  over  l.SUO  feet.  It  is  underlain, 
■pparentiy  cxinformab ly,  by  hi);hiy  cleaved  dark-blue  ehalea,  and 
owrlaia  nnconfoimabty  by  both  tbe  Caban  and  Rhayader  Groups, 
^le  base  of  tbe  Qwaataden  Group  is  formed  of  a  thiok  mua  of 
graowackeB,  which  thin  to  the  east  and  thicken  lo  the  west.  They 
ooatein  Climaeograplag,  and  pass  up  into  mised  flags  and  grits  with 
CUmaeograpliu  and  Diphgraptm.  These  are  succeeded  by  shales 
and  mndstooes  in  which  tbe  first  Monograplid»  appear.  These 
become  dominant  in  the  upper  part. 

The  succeeding  Caban  Group  has  a  maximum  thickness  of 
1,600  feet.  Its  lower  divisiou  consists  of  two  massive  con- 
glomerate*, separated  by  shales;  ils  higher  division  is  made  up 
of  fine-grsined  grits,  shales,  and  flags.  Each  member  of  thu  group 
M  overlapped  to  the  east  by  the  next  subgroup  above  it,  until 
•▼entnally  tbe  whole  group  disappears  beneath  the  Rhayader  Pale 
j^tales,  which  in  the  eastern  areas  rest  directly  on  the  Gwastaden 
IDOka. 

Tbe  Rhayader  Group  consists  of  pale-green,  blue,  and  grey  shales 
fend  tuudBtoDes,  which  overstep  on  to  tbe  Gwastaden  beds ;  and  may 
ponibly  pass  oompletely  over  them,  and  rest  on  tbe  dark  shales 
fitrtlier  easL 

After  the  Gwastaden  rocks  were  laid  down,  the  sea-floor  appenrs 
to  hsTe  been  elevated  and  denuded,  a  hollow  being  scoured  out  to 
the  OMtwBrd.  Rapid  sinking  followed,  and  the  sea  filled  the  hollow 
with  the  Caban  sediments,  praclically  levelling  it  up  by  the  time 
that  Uie  d<>pQBitipQ  of  the  P&Ie  Slates  tngao. 
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Tables  of  fossils  enable  the  author  to  establish  a  complete  oom- 
parison  of  the  whole  of  the  local  zones  of  the  Rhayader  district  with 
those  of  Southern  Scotland,  Wales,  and  Sweden.  In  the  Bhayader 
area  we  find,  for  the  first  time  in  Britain,  the  entire  Valentian 
succession  developed  in  one  general  sequence  of  rocks,  with  a  more 
or  less  common  litholo^ical  character,  and  with  a  fauna  composed 
throughout  of  similar  palasontological  types. 


II.— December  6,  1899.— W.  Whitaker,  B.A.,  F.R.S.,  President,  in 

the  Chair. 

Dr.  Blanford  said  that  he  had  been  asked  by  Professor  Judd,  who 
was  unable  to  attend,  to  say  a  few  words  about  certain  photographs 
sent  by  Mr.  E.  H.  L.  Schwarz,  and  representing  the  Dwyka 
boulder- bed  and  the  rounded  and  grooved  underlying  surface,  in 
the  neighbourhood  of  the  Orange  Biver  near  Hopetown  and  Prieska. 
The  importance  of  these  photographs  lay  in  the  evidence  which  they 
afforded  on  a  disputed  point.  Dr.  Sutherland  and  Mr.  Griesbaoh 
had  called  attention  to  the  evidence  of  ice-action  presented  by  the 
Dwyka  Conglomerate  in  Natal,  and  additional  evidence  had  been 
brought  forward  by  several  observers,  especially  by  Mr.  Dunn  from  the 
Orange  Free  State  and  Cape  Colony,  and  recently  by  Dr.  Molengraaff 
from  the  Transvaal.  Other  observers,  however,  and  especially  the 
late  Professor  Green,  had  disputed  the  glacial  origin  of  the  Dwyka 
beds.  The  photographs  now  exhibited  would,  the  speaker  thought, 
convince  most  geologists  that  the  phenomena  presented  were  due  to 
ice-action.  The  resemblance  to  similar  photographs  shown  to  the 
Society  in  1896  by  Professor  T.  W.  Edge  worth  David,  and  repre- 
senting the  beds  corresponding  to  the  Dwyka  Conglomerate  in  South  ' 
Australia,  was  noteworthy.  Evidence  of  glacial  action  in  Upper 
Palseozoic  times  had  gradually  accumulated  from  India,  Australia, 
and  South  Africa,  and  there  was  a  probability  that  similar  indication! 
existed  in  South  America. 

The  following  communications  were  read  :  — 

1.  ''  On  the  Geology  and  Fossil  Corals  and  Echinids  of  Somali- 
land."     By  Dr.  J.  W.  Gregory,  F.G.S. 

British  Somaliland  consists  of  a  high  plateau,  of  which  the 
northern  scarp  is  separated  from  the  Gulf  of  Aden  by  a  belt  of  low 
hills  and  plains  known  as  the  Guban.  The  southern  plateaa 
consists  of  Archaean  gneisses,  quartzites,  am ph iboli te  -  schists, 
chloritic  schists,  and  pegmatites.  It  is  capped  by  purple  grits, 
red  sandstones,  and  conglomerates,  which  are  covered  by  limestones 
of  Neocomian,  Turonian  (?  Cenomanian),  and  Eocene  ages.  The 
Neocomian  limestone,  which  may  be  correlated  with  that  of  Singsli 
described  by  Bochebrune,  occurs  at  Debar  in  the  Guban ;  while 
a  Jurassic  limestone,  probably  of  Bathonian  date,  occurs  at 
Bihendula  in  the  Guban.  Fossils  collected  from  these  limestoneis 
and  from  raised  reefs  of  Pleistocene  age,  by  Mr.  and  Mrs.  Lort 
ThJUlps,  Miss  Gillet,  Mr.  G.  P.  V.  Aylmer,  Captain  E.  T.  Marshall, 
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nd  Mr.  F.  B.  ParkiasoQ,  liava  bfien  examineil  by  the  author,  wbo 
ItbaUtes  a  list  of  corals  and  ecliiniils.  One  new  genns  and  fourteeu 
'  efieciea  of  corals  nre  t^escnbed,  belonging  tii  the  genera 
Sl^hphora,  Slyliiia,  Columnaslraa,  Prionazlraa,  Favia,  Melelhmoa, 
Cftlolileg,  and  Litharaa,  and  one  new  gpeotea  of  Ptendoiliadema. 
lie  evidence  of  Uj«  ouUi^olIonB  is  sufficient  to  show  that  a  Keoooraiau 
UmeatoDe  ocuiirs  butli  on  the  summit  of  the  Somali  platefiu  and  on 
ihe  floor  of  the  Giibau.  and  that  soma  marine  limestones  of  Lower 
Ttrlinry  age  (probably  Kooene)  also  oocnr  nn  the  [ilntemi.  It  ia 
Iberefoi-e  evident  that  the  foundering  of  the  Aden  Gulf  is  post- 
Eocene  in  age.  ' 

2.  "Note  on  Drift  -  gravels  at  Weat  Wiokham  (Kent),"  By 
George  Clinch,  Esq.,  F.Q.S. 

The  author  describes  two  beds  of  Drifl-grnvel  at  Weat  Wickliain. 
The  first,  occupying  the  bottom  of  a  dry  valley,  yields,  in  a  tectioQ 
nposed  at  Gutee  Green,  material  derived  from  (he  Chalk  and  the 
Lower  Oreensand  ;  and  distinct,  although  perhaps  not  direct,  telatiou 
with  th«  denudation  of  the  Weald  is  olaimed  for  it.  The  other  bed 
of  gravel  is  of  later  age,  and  has  yielded  many  PalaK>lithio  imnteuieuts 
inil  flakes.  The  sjxKiimens  of  these  exhibited  were  fuuna  by  the 
iDthor  between  ISbO  and  ISS.ii.  aud  they  esUblish  the  existence  of 
Dn'ft-^ravels  about  a  mile  south  of  Hayes  Common.  Some  of  the 
impleniente  have  lost  tbeir  pointed  ends  snd  hear  other  indications 
of  ose,  many  ara  «mDOthed  and  rounded  by  Diift-wedr,  but  a  few  are 
entirely  unworn,  while  some,  particularly  the  larger  examples,  are 
biuiwd  and  crusheil  by  such  influences  as  the  ploughshare  and 
waggon- wheels.  Host  of  the  implements  have  a  superficial  colouring, 
Tuying  from  a  pale  straw-tint  to  a  rich  ochreous-brown.  "Th» 
•■•ooiation  of  ninoh-wom  implements,  nnworn  implements,  and 
flaJcw,  cores,  and  waste-chips,  in  the  sauie  bed  of  Drift-gravel  points 
to  tbe  fact  that  we  have  here  a  collection  of  material  which  was 
brongbt  from  a  great  variety  of  ptaoes,  and  has  undergone  a  great 
variety  of  conditiona  and  changes." 

3.  "  On  the  Oocarrenoe  in  British  Carboniferous  Bocks  of  the 
DffvonUn  Genus  PaUtoneilo,  with  a  Description  of  a  New  Species." 
By  Dr.  Wheeltoa  Hind,  S.S.,  F.B.C.S.,  F.Q.S. 

The  family  Nuculidn  ia  repraaeutad  in  Carboniferous  rocks  by  the 
ganora  Sueiia,  Ifnetdana,  and  CttHodonla,  and  to  these  must  now  be 
ft6dfld  Palteotieilo,  which  the  author  desoribos  from  two  fine  apeoimena. 
ia  the  HuMnm  of  Practical  Geology,  from  Carboniferous  Shale 
(Tondale  Shale)  sooth  of  Hammerton  Hall,  Slaidburn,  Yorkshire. 
It  11  remarkable  that  a  genus  so  well  developed  in  Devonian  times 
sboold  be  found  at  the  top  of  the  Carboniferous  Limestone  Series, 
bat  not  in  intermediate  beds.  Hall's  diagnosis  of  the  genus  la  given, 
with  additional  remarks,  and  a  new  species  is  described  and  oon- 
ttsated  with  Ctatodonta  (Palatmeilo)  lirata,  Phil.,  from  the  Devonian 
of  Baggy. 
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THE  GENERA  APATOKEPHALUS  (BROOGER)  AND  TRAMORIA 

(REED). 

Sib, — With  reference  to  the  fauna  of  the  Waterford  Ordovioian 
beds,  it  will  be  of  interest  to  the  readers  of  the  Gbolooioal 
Magazine  to  learn  that  Professor  Brogger  informs  me  that  the 
trilobite  which  I  have  recently  described  (Q.J.G.S.,  vol.  Iv,  1899, 
p.  758,  pi.  xlix,  figs.  14-16)  as  Tramoria  punctata,  gen.  et  sp.  nov., 
belongs  without  any  doubt  to  the  genus  Apatokephalua,  which  was 
established  by  him  in  1896  ("  Ueber  die  Yerbreitung  der  Euloma- 
Niobe  Fauna  [der  Ceratopygenkalk  fauna]  in  Europa,"  Nyt  Magazin 
fur  Naturvidenahaheme,  Bd.  xxxv,  1696,  pp.  179-186,  200)  for 
a  group  of  species  related  to  DikelloJcephalua  occurring  in  the  widely 
distributed  Euloraa-Niobe  fauna.  In  this  country  this  fanna  is  con- 
tained by  the  Shineton  Shales  and  the  Tremadoc  of  North  Wales. 
The  form  named  by  Salter  Conocoryphe  invita  belongs  to  this  new 
genus  ApatoJeephalus,  and  the  following  species  from  Europe  and 
America  are  also  mentioned  by  Brogger  as  occurring  in  beds  with 
this  Euloma  -  Niobe  fauna  :  —  Apatokephalus  serrattu,  Boeck  ; 
A.  anguaticauda,  Ang. ;  A.finalia,  Walcott;  A.  iS^c^/o^^etmt,  Billings  ; 
A.  magnifieua,  Billings.  We  have  now  to  add  Apatokephalua  punetatm 
to  the  above  list,  and  the  generic  name  TVamoria  must  be  di-opped. 

Professor  Brogger  adds  that  this  identification  lends  important 
support  to  my  view  that  the  fauna  of  the  Waterford  beds  has  a  facies 
resembling  that  of  the  homotaxial  Scandinavian  beds,  especially  of 
the  Asaph  us  Stage  (£)t.  3,  Brogger).  The  occurrence  of  genera 
characteristic  of  the  Euloma  -  Niobe  fauna  in  beds  of  a  higher 
stratigraphical  horizon  in  Wales,  and  their  association  with  a  later 
fauna  of  a  different  character  in  shallow-water  deposits,  are  facts 
also  noticed  by  Brogger  in  the  paper  referred  to.  With  regard 
to  the  wide  geographical  distribution  of  this  fauna  and  the  presence 
of  its  most  characteristic  genera  of  trilobites  in  distant  areas,  Brogger 
shows  that  it  extended  from  65^  N.  lat.  to  43^  N.  lat,  and  is  repre- 
sented not  only  in  Sweden  but  at  Hof  in  Bavaria,  St.  Cbinian  in 
Languedoc,  Shropshire,  North  Wales,  and  America,  wherever  the 
bionomical  conditions  were  favourable.  No  barrier,  therefore, 
between  the  Baltic  and  British  provinces  can  have  existed  at 
this  time,  and  it  is  shown  that  the  supposed  distinct  characters  of 
the  trilobitic  faunas  are  based  upon  an  erroneous  separation  of 
genera  and  species  owing  to  a  want  of  acquaintance  with  foreign 

specimens.  F.  R.  Gowpkb  Bssd. 

WooDWABDiAN  Museum,  Cambbidok. 
yovembm-  29,  1899. 

THE  GEOLOGICAL  SURVEY  OF  EGYPT. 

Sib, — Since  the  commencement  of  this  Survey  in  October,  1896, 

the  officers  attached  have  carried  out  a  geological  and  topographical 

reconnnissance  over  a  large  portion  of  the  country,  besides  a  certain 

amount  of  more  detailed   work  in  some  areas.     During  this  tims 

many   new  facts   have   been   brought  to  light,  in  numerous 
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nweHilating  entirely  ditTerent  conolusions  to  tbose  arriveO  nt  by 
(trlwr  observers  in  (he  same  fielJ. 

Unfortutuitely,  up  to  tbe  present,  the  Egyptian  Gnvernment  baa 
not  bften  able  to  piibliRh  uny  maps  or  ilosciiptioiis  if  tbe  region! 
umtyed,  and  even  if,  m  proposed,  publication  is  undertaken  in  tha 
nonitDg  year,  s  conaidernlde  time  muat  iieceBsarily  elapee  before  the 
KtmuuWed  results  of  three  years  can  be  brought  out 

111  &u  abstract  report  in  the  Zeiltchrift  /iir  praklUehe  Oeohgta 
fur  Sovember,  1899,  of  a  paper  entitled  "Neiiea  aur  Geologie  und 
^uetitologie  Aegj-ptens,"  by  Dr.  Max  Blanckenhnrn,  the  following 
PpAent  occurs: — "  Den  von  v.  Zittel  beaohriebenen  Cenoman- 
Abuuien  reihen  sich  2wei  neiifl  iin  eigentliubeu  Aegypten  gelfgene 
Mi  tan  Blanckenboro  gefundene  an.  Daserate  liegt  ini  0.  dta  Nils 
«a  Oebel  Chebrewet ;  das  zweit«,  westlioh  des  Nila  gelegene,  ist  das 
der  0m9  Babaria  mitten  im  Eooiinplateau  der  Libytohen  WubI«. 
bw  letzteri-  wttHt  niioh  in  Limonit  nuigewaudelleenolz  {Palmoxylon) 
Mi.l  gut  erhallene  Abdriicke  von  Dicotyledonenbliitlern  in  demselbea 
Ver»t«inerungi>millel  anf,  ein  vieIvevBprechend*r  Aufschluss  fiber  die 
Sreideflont  Aegyptens."' 

As  tbe  copy  of  this  abstritct  report  was  sent  to  this  Survey  by 
Dr.  Blanckeitborn  bimGelf.  1  am  foi'ced  to  conclude  that  he  clainiH  to 
have  bimself  discovered  the  existence  of  rouka  of  Cenomnniun  age  in 
Bnbaria  Onsis,  which  ns  far  ns  I  know  he  has  never  visited,  and  oan 
only  have  derived  his  geological  informattoa  from  an  examination  of 
m_v  own  specimens. 

In  view  of  this,  it  is  nilvisftble  to  put  on  record  some  of  the  nioi« 
important  Doudusions  at  which  I  have  arrived.  They  are  briefly  u 
follows : — In  1897  the  discovery  of  tbe  existence  of  extensive  fanlts 
4loDg  the  west  margin  of  tbe  Nile  Valley,  and  the  absence  of  high 
flnTiatile  deposits,  pointed  to  the  oonolusion  that  the  Nile  gorge  is 
not  «  "  valley  of  erosion,"  but  probably  a  line  of  rift  and  faulting. 
Is  1899  similar  fanlts  were  again  found  along  the  east  side  between 
Asaiut  aod  Kena. 

A  tbtok  and  extenrive  series  of  limestones,  tufas,  clays,  sandstones, 
and  pebble-beds  has  been  shown  to  ooonr  throagbout  the  Nile  Valley, 
from  Esna  to  the  Fayonin  on  tbe  west  side  and  from  Kena  to  Uinia 
«n  tbe  east,  .during  work  carried  ea  between  1896  and  1899. 
Although  they  are  generally  of  fresh-water  origin,  Mr.  Barron  and  I, 
bj  tbe  discovery  of  marine  foraminifera  in  these  beds  near  Luxor 
in  January,  1897,  showed  that  marine  conditions  existed  far  up  the 
Nile  Valley  in  comparatively  recent  times,  these  beds  being  probably 
«f  Fliooene  age.  In  1897  an  extensive  series  of  fossiliferous  Cre< 
taoeons  beds  of  Cenomanian  to  Danian  age  was  discovered  and 
mapped  in  Baharia  Oasis,  and  the  junction  of  the  Cretaceous  and 
'  To  the  occnrrmcei  of  Cniomsiusn  rocks  deuribed  hy  Zittsl  ir«  added  two  new 
•ows,  Btnatad  in  Bgvpt  propsr.  Tba  tnt  Iin  oo  the  ««st  of  the  Kilo  at  Oalwl 
Cbshnnet ;  the  SMMid,  (ntoaled  on  tbs  w«t  of  ths  Nile,  Js  that  of  tlw  Osns  of 
Bshsris  in  tbe  audit  of  the  Eomne  pUtesn  of  tbe  Libyan  Desert,  The  latter  alHi 
tibow  w«od  {Afimzy&n]  eoDTertad  into  Umanite,  md  well-preanred  iTDprenionj  of 
JHeo^sdoaoDi  Imtm  in  the  siine  mBt±[.  This  ezponire  promises  to  afford  Talubls 
iafonsstiiiB  sa  to  tiw  Cbalk-flon  o/ ^STpt. 
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Eocene  in  tbis  area  was  found  to  be  marked  by  a  strong  uncon- 
formity and  overlap.  Tbis  bad  never  been  previously  recognized  in 
Egypt  In  1898  tbe  existence  of  tbick  bone-beds,  probably  of  con- 
siderable commercial  value,  was  discovered  in  tbe  Oasis  of  Dakbla. 
Again,  in  1897,  in  the  Abu  Boasch  district,  near  the  Pyramids  of 
Giza,  tbe  junction  of  tbe  Cretaceous  and  Eocene  was  again  found  to 
be  unconformable,  instead  of  being  marked  by  lines  of  fault,  as 
formerly  supposed.  In  the  Western  desert,  and  in  one  case  in  the 
Eastern  desert  also,  igneous  intrusions  have  been  discovered  at 
isolated  spots  in  the  sedimentary  areas. 

This  brief  statement  of  a  few  of  my  own  results  is  rendered  still 
more  necessary  in  view  of  the  fact  that  there  are  at  tbe  present  time 
several  observers  about  to  visit  the  same  regions.  The  details  con- 
nected with  these  questions  will  probably  be  dealt  with  in  the 
Survey  Memoirs.  Hugh  J.  L.  Bradnell. 

Caiho,  1th  JUcember,  1899. 


ORGANIC  REMAINS  FROM  CAMBRIAN  ROCKS  OF  BRAY. 

Sir, — The  question  of  the  age  of  the  ancient  beds  of  Bray  and 
Howth  has  recently  attracted  some  attention  in  connection  with  the 
additions  to  our  knowledge  of  Cambrian  and  Pre-Cambrian  rocks  in 
other  places.  The  true  nature  of  the  real  or  supposed  fossils  in  these 
Irish  beds  is  therefore  an  urgent  one.  Oldhamia  has  been  obliged  to 
submit  to  a  verdict  of  Not  proven,  at  tbe  best.  It  is  naturally  asked 
whether  Hiatioderma  is  to  meet  with  a  similar  fate.  Unfortunately, 
inquiries  from  various  workers  elicited  the  fact  that  the  type- 
specimen  was  missing  from  the  Irish  Survey  Collection. 

Recently,  however,  in  reari-anging  the  mineral  collection  of  the 
Royal  College  of  Science  for  Ireland,  we  were  fortunate  enough  to 
find  four  specimens  of  Eisiioderma^  with  their  original  tablet ;  these 
have  now  been  restored  to  the  Survey  Collection,  and  will  be 
exhibited  in  the  Museum  of  Science  and  Art,  Dublin.  Two  of  the 
npccimens  are  the  internal  and  external  casts  of  the  same  object,  the 
former  being  the  actual  specimen  figured  as  EUtioderma  Eibemicum 
by  Dr.  J.  R.  Einahan  in  his  paper  *'  On  the  Organic  Relations  of  the 
(Cambrian  Rocks  of  Bray  and  Howth ;  with  Notices  of  the  most 
remarkable  Fossils":  Journ.  Geol.  Soc.  Dublin,  vol.  viii  (1858), 
pp.  68-72,  pi.  vi,  fig.  2. 

A  moment's  examination  of  the  actual  specimens  is  enough  to 
remove  all  doubt  of  tbe  organic  nature  of  EiBiioderwa,  It  consists 
of  a  cup-shaped  expansion,  with  two  sets  of  approximately  parallel 
ridges  which  intersect  each  other  obliquely,  and  a  conical  root»like 
continuation  below.  Without  denying  the  possibility  of  tbe  correct- 
ness of  Kinaban's  explanation  that  tbe  ridges  represent  the  tentacles 
of  an  annelid,  we  cannot  help  thinking  that  the  general  appearance 
rather  suggests  that  they  are  lines  of  thickening  in  a  continuous 
muscular  envelope.  Obknvillb  A.  J.  Cole. 

John  W.  Evans. 
Royal  Collkob  of  SaRNCB  for  Irbland. 
December  16,  1899. 
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Ht— EuiMRST  LiTiSG  GEOLnoisTB :   li 

M.A.,  F.G.S. 

{WITH  A   POIITBAJT,    PLAT*  HL) 

\BE  BubJQOt  of  this  notice  belongs  to  a  Tamltj  of  whiflh  Mvinil 

membBra   have    oocupied    high    posiliou  M  dergjiMD  taA 

lolars.      His    father,    the   Ven.    Jobn    FiJier,   tlw  MT^  frind 

i    patron    of    Constable,    was   Archdeacon  of    Bnkt,   OuNn  of 

lisbnry,   and   Yicar   of  Oamington   and    QilUnghftm   In  DotMt; 

I  grandfather,   tlio   Kev.   Philip    Fiaher,    D.D.,   wm    Maatu   of 

)  Charterhouse :  and  his  great-ancle,  the  B«t.  John  UshVr' irak 

jceplor  to  the  Prinoeaa  Charlotte,  and  subMCimntlr  Kdiop,  flnt 

Exeter  and  afterwards  of  Salisbury. 

Onnond  lUwr  was  bom  at  Osmington  on  November  17,  1817, 
i  WM  n«med  ftRsr  the  patron  saint  of  his  father's  oharoh.  The 
itriot  ii  an  interestiag  one  for  geologists,  and,  while  a  mere  child, 
numd  naed  to  aooompany  his  unole,  the  Rev.  Oeorgs  Cookson, 
MD  oollaollng  fouils  in  the  neighbouring  cliffs.  At  the  age  of  11 
WM  wnt  to  Eton,  where  two  years  were  spent  nnder  the 
ry  Dr.  Keate  withont  his  receiTing  a  single  lesson  in  arithmetic. 
jaar  at  homo,  ipient  in  pursuing  his  natar^  bent  for  soienoe,  was 
lowod  hj  his  removal  to  the  house  of  his  uncle,  the  Rev,  W. 
■bar,  at  Ponlahot,  in  Wiltshire.  Here  he  took  up  geology  agwn, 
ido  out  the  itmotare  of  the  neighbourhood  (on  the  same  horizon 
ChmingbHi),  and  oolleoted  fossils  from  the  Coral  Bag  and  other 
ata,  Mme  of  whioh  are  now  in  the  Woodwardiau  Museum.  Daring 
t  next  two  jean  he  lived  with  his  grandfather,  the  Master  of  the 
MtteAaaae,  and  stodied  at  King's  College,  London,  where  he 
{■n  to  read  mathamatioa.  He  also  heard  one  or  two  leotnrss 
<m  I^oU  and  Danioll,  who  were  then  Professors  at  the  College, 
i  rouned  about  the  geological  galleries  of  the  British  Moaeam. 
In  1836  Usher  prooeeded  to  Jesus  College,  Cambridge ;  and, 
ingh  equally  oapable  of  taking  a  classical  degree,  fortunately 
riaed  on  a  mathematioal  career.  After  degrading  a  year  on 
»unt  of  ill-health,  he  graduated  as  18th  wrangler  in  1811.  He 
m  ordained  deooon  in  1844,  and  at  once  took  the  sole  charge  of 
I  nnde  Hr.  CooluoD'a  living  at  Writhlingtou,  near  Badstook,  in 
)  Somerset  Coalfield,  and  was  also  footed  a  Fellow  ot  hu  OtWn^ 
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In  1845  be  was  ordained  priest,  resided  for  a  short  time  at 
Cambridge,  and  in  tbe  following  year  was  appointed  curate-in- 
obarge  of  All  Saints,  Dorchester,  where  he  lived  for  seven 
years.  Here  his  leisure  time  was  spent  in  geologizing  along  the 
Eidgway  fault  and  in  the  neighbourhood  generally.  He  frequently 
visited  his  uncle,  Mr.  Cookson,  at  Poorstock,  near  Bridport,  and 
collected  many  fossils  from  the  Inferior  Oolite  there,  which  are 
now  in  the  Woodwardian  and  Dorset  County  Museums,  the  latter 
of  which  he  assisted  in  founding.  While  he  was  at  Dorchester  the 
Geological  Survey  began  mapping  the  district,  and  Mr.  Fisher  was 
able  to  give  many  hints  to  Mr.  Bristow,  who  was  in  charge  of  the 
work.  He  also  met  A.  C.  Hamsay  and  E.  Forbes  when  they  oame 
down  to  inspect  its  progress. 

In  1853  Mr.  Fisher  became  tutor  of  Jesus  College,  Cambridge. 
He  had  on  previous  occasions  attended  some  of  Sedgwick's  lectures, 
and  so  made  an  acquaintance,  which  now  ripened  into  friendship. 
Sedgwick  had  been  his  proposer  when  he  was  elected  a  Fellow  of 
the  Geological  Society  in  1852. 

The  busy  life  of  a  College  tutor  left  little  leisure  for  geology  in 
term-time,  but  the  vacations  were  still  spent  in  Dorchester,  where 
he  worked  hard  at  the  Purbeck  rocks.  The  results  of  his  studies 
are  contained  in  a  paper  read  before  the  Cambridge  Philosophical 
Society  in  1854.  The  greater  part  of  the  collections  he  made  at  this 
time  are  now  in  the  Woodwardian  Museum,  and  include  a  series  of 
fossil  insects  which  have  never  yet  been  described.  He  afterwards 
took  up  the  geology  of  the  Bracklesham  Beds,  and  gave  the  results 
of  his  investigations  in  a  paper  read  before  the  Geological  Society 
in  1862.  The  fossils  then  obtained  are  likewise  to  be  found  in  the 
Woodwardian  Museum. 

In  1857  Mr.  Fisher  was  presented  by  his  College  to  the  living 
of  Elmstead,  near  Colchester,  and  was  married  to  Maria  Louisa, 
daughter  of  Mr.  Hastings  N.  Middleton,  then  residing  at  Ilsington 
House,  near  Dorchester.  While  at  Elmstead  he  spent  a  week,  with 
Henslow  in  Suffolk,  and  afterwards  collected  a  little  from  the  Crag 
and  Pleistocene  beds  at  Walton-on-the-Naze.  In  the  absence  of 
other  more  interesting  subjects,  he  now  turned  his  attention  to 
denudation.  His  work  on  the  '  trail,'  which  was  done  at  this  time, 
is  perhaps  one  of  tbe  most  important  of  his  purely  geological 
investigations.  In  1867  he  removed  to  Harlton  Rectory,  another 
College  living,  but  shortly  afterwards  was  left  a  widower,  with  five 
sons,  all  of  whom  are  now  living.* 

Harlton  is  a  quiet  country  village  about  six  miles  from  Cambridge, 
far  enough  from  railway-lines  and  main  roads  to  acquire  a  certain 
sense  of  retirement,  but  close  enough  to  a  great  centre  of  learning  to 
stimulate  thought  and  encourage  original  investigation.  There  are 
few  villages  in  England  so  well  known  by  name  to  geologists,  many 
of  whom  have  experienced  the  kindly  hospitality  of  its  present 
Bector. 

^  Some  of  the  facts  above  given  are,  by  the  kind  permission  of  the  anonymovs 
author,  taken  from  an  article  in  the  Cambridge  Bevietc,  March  16,  1893. 


Mr.  Fisher's  removal  to  IlHrUon  was  almost  oouourrent  with 
A  cliango  in  the  nature  of  his  work.  Pure  geology  was  not,  indeed, 
D^Ieol^id,  bill  it  graduallj  gave  place  to  the  study  of  the  great 
problema  presented  for  solution  by  tbe  earth's  crust.  The  British 
Awociation  met  at  Norwich  in  1868,  and  Mr.  Fisher  was  invited  to 
open  the  proceedings  of  the  Geological  Section  with  a  pnper  on  the 
"  Denndalions  of  Norfolk."  Tbe  ooprolite  dopoRits  of  the  Cambridge 
Greeosand  aod  the  mammaliferous  deposits  at  Barriugton  also  occu- 
pied a  good  deal  of  his  attention,  and  form  the  subjects  of  papers 
read  before  (he  Geological  Society  in  1872  and  187». 

It  is  inteTesting  to  notice  that  Mr.  Fisher,  who  is  now  the  foremost 
opponent  of  the  contraction  theory,  was  many  years  agi}  one  of  Its 
strongest  advoontes.  He  was,  indeed,  an  independent  discoverer  of 
the  theory.  It  occurred  to  him  as  early  as  1841,  the  year  in  which 
he  took  hi«  degree,  and  was  suggested  by  the  ridging  up  of  cracked 
and  re-frozcii  ice  in  one  of  the  locks  of  the  river  Cam.  In  hia  delight 
at  the  discovery,  he  tells  us.  he  forthwith  vaulted  over  a  fivo-barred 
gate.  The  idea,  however,  lay  apparently  dormant  for  many  years ; 
and  it  was  not  nntil  April,  1668,  that  tbe  first  of  his  three  well- 
known  memoirs  was  read  before  the  Cambridge  Philosophionl 
Society.  At  this  time  Mr.  Fisher  was  orthodox  in  his  views.  He 
accepted  the  solidity  of  the  earth's  interior  on  tbe  authority  of  Lord 
Kelviu  as  "almost  certain,"  and  considered  that  the  outer  crust 
wonLd  lose  the  eup]>ort  of  the  inner  portions  "probably  from  thft 
offBOta  of  contraction  in  cooling." 

When  he  is  preaented  with  a  new  theory,  Mr.  Fisher's  first 
impnlM  is  to  teat  it  numerically.  The  cause  invoked  may  be  a  true 
one,  bat  is  it  alao  sufficient  ?  Is  it  capable  of  producing  efTeols  of 
the  amonnt  as  well  as  of  the  kind  observed  ?  Here  the  mathe- 
matioian  steps  in  with  advantage  and  offers  uMful  aid  to  the 
geol(^iat.  In  Hr.  Fisher's  first  memoir  the  process  is  applied  to 
the  contraction  theory.  He  shows  that,  if  an  outer  spherical  shell 
coold  be  iaolat«d  from  the  mass  within,  it  would  at  onoe  be  crushed 
by  latnal  pressure  till  it  rested  on  that  masa.  The  contraction 
Ihaoiy  thne  invokes  a  Ime  cause  of  rook-folding.  To  prove  the 
■offioieDt^  of  the  theory,  be  calculates  roughly  the  order  of  magni- 
tode  whioh  mountain- ranges,  if  so  formed,  might  be  expected  to 
aaaome  ;  and  oonolndes  that  "  the  theory  seems  to  be  at  any  rate  not 
deficMDt  in  its  capability  for  producing  the  results  attributed  to  it." 

^^Te  years  later,  in  June,  1673,  we  find  Mr.  Fisher  defending  the 
contiaotioii  theory  against  Captain  F.  W.  Button  in  the  pages  of  this 
Haouimk  ;  but,  within  a  Tery  few  months,  his  allegiance  to  the 
tbaarj  moat  have  began  to  waver.  The  paper  referred  to  oontains 
the  grooodwork  of  his  estimate  of  the  mean  height  of  the  surfaoe- 
•lentioiu  of  the  globe.  He  woa  then  led  to  oalonlate  more  closely 
tbe  neon  height  of  the  elevatione  that  would  be  prodaoed  by  the 
contraction  of  the  earth  in  cooling ;  and  his  work  is  described  in 
a  noond  memoir  read  before  the  Cambridge  Philosophical  Society  in 
Deoember,  187S.  The  discrepancy  is  so  great  (more  than  9000  feet 
ia  tbe  one  oeee,  and  lenth&n  800  feet  in  the  other)  tiut  10.1,  'FwV«t 


52         Eminent  Living  Oeologiats :  Rev.  Osmond  Fisher, 

felt  compelled  to  give  up  the  contraction  theory  in  its  original  form. 
Crust-folding  he  still  attributed  to  lateral  pressure  brought  into 
action  by  a  shrinking  interior,  and  he  refers,  though  not  with  entire 
approval,  to  the  view  which  he  repeated  in  the  first  edition  of  his 
future  work  that  the  earth  consists  of  a  solid  crust  and  nucleus  with 
an  intervening  liquid  layer.^ 

The  third  of  the  Cambridge  memoirs,  read  in  February,  1875,  shows 
that  his  belief  in  such  a  constitution  had  gradually  strengthened ;  for 
he  investigates  the  form  into  which  a  uniformly  thin  flexible  orost 
would  be  thrown  if  the  support  of  the  liquid  substratum  were  from 
any  cause  withdrawn. 

About  this  time,  the  direction  of  Mr.  Fisher's  inquiries  was  slightly 
changed.  Mr.  Mallet  had  shortly  before  published  his  well-known 
memoir  dealing  with  the  origin  of  volcanic  energy.  There  is 
a  fascination  about  the  theory  he  advanced,  but  Mr.  Fisher's 
quantitative  analysis  at  once  laid  bare  its  weak  point,  though  several 
months  elapsed  before  the  controversy  was  closed. 

The  evening  of  an  active  life  can  hardly  be  better  employed  than 
in  revising  the  work  of  earlier  years,  and  this  is  especially  the 
case  when  that  work  has  been  devoted  mainly  to  the  solution  of 
a  connected  series  of  problems.  It  can  then  be  regarded  almost 
as  calmly  as  if  it  were  another  man's  ;  there  is  ample  time  for 
considering  criticisms  without  bias,  for  filling  up  gaps,  and  for 
exhibiting  all  the  different  portions  in  their  true  relations  to  one 
another.  In  1880,  at  the  age  of  63,  Mr.  Fisher  began  the  work 
with  which  his  name  will  always  be  connected.  The  "  Physios 
of  the  Earth's  Crust "  is,  however,  not  merely  a  reprint  or  revision. 
It  included,  indeed,  all  those  parts  of  his  memoirs  which  seemed 
to  him  worthy  of  preservation,  but  the  additional  material  forms 
a  notable  fraction  of  the  whole.  The  book  was  published  at  the 
end  of  1881,  and  in  spite  of  its  highly  technical  character,  has  from 
the  very  first  met  with  a  considerable  sale. 

Many  a  man,  after  so  great  a  success,  might  have  been  content  to 
rest  upon  his  laurels.  But  Mr.  Fisher  seems  to  have  regarded  this 
first  edition  as  a  mere  instalment,  as  a  kind  of  guarantee  that  his 
work  should  not  be  wasted  by  sudden  illness  or  death.  During  the 
years  which  followed  he  has  not  ceased  to  strengthen  his  theory,  by 
building  up  fresh  defences  and  by  raids  into  the  enemy's  country. 
By  1889  a  second  edition  had  in  his  opinion  become  necessary  (the 
remainder  of  the  first  being  withdrawn  from  sale),  and  in  1891  this 
was  supplemented  by  an  appendix  of  three  additional  chapters. 

Besides  the  papers  incorporated  in  the  ''  Physics  of  the  Earth's 
Crust,"  Mr.  Fisher  has  written  many  others,  which  have  appeared 
in  different  scientific  journals.  The  last  of  the  series  was  published 
only  seven  months  ago  in  the  Philosophical  Magazine,  and  deals 
with  the  residual  effect  of  a  former  Glacial  epoch  upon  underground 
temperature. 

The  Geological  Society,  always  so  ready  to  welcome  the  contribu- 
tions of  mathematical  geologists,  awarded  Mr.  Fisher  the  balanoe  of 

'At  present  he  regards  the  solidity  or  otherwise  of  the  nucleus  an  open  question* 
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(lie  prooe«da  of  the  Lyell  Fund  in  1887,  and  the  MurohUon  Uedol 
in  1893.  lu  187S  he  wae  appointed  Honorary  Fellow  of  King's 
Cotlf^.  London,  nnil  in  1893  Honorary  Fellow  of  Jesus  College, 
Cambridge.  In  1895  his  portrait  was  painted  by  Mr.  Ci>ney.  A  copy 
of  the  picture  was  subaecjuently  made  by  Mrs.  H.  A.  Morgan,  and 
accepted  by  the  Society  of  Jesus  College,  in  the  ball  of  which  College 
it  now  hangs.  The  admirable  photograph  here  reproduced  was  taken 
by  Mr.  R.  H.  Lord  of  Cambridge  in  1898. 

The  "  Physios  of  the  Earth's  Crust "  with  its  appendix  may  bo 
•aid  to  consist  of  two  distinct  parts,  a  deslrnotive  part  and  a  ooa> 
•truclive  part.  In  the  first  Mr.  Fisbor  is  chiefly  occupied  by 
a  criticism  of  the  oontrnotion  theory  from  the  point  of  view  of  its 
insafficiency  to  iiccouot  for  existing  elevationtt.  If  his  aasamptiaQs 
are  all  correct,  there  can  be  little  doubt  that  he  has  proved  his  cose, 
whether  the  interior  be  wholly  solid  or  partly  liquid,  and  whether 
ibe  shrinking  of  the  nnoleus  be  due  to  toss  of  heat  or  toss  of  included 
•t«am  by  means  of  voloanio  eruptions.  Of  the  other  and  more 
vftluable  part,  there  is  no  need  to  insert  any  description  here. 
Ur.  Fisher  hae  himself  given  an  exhaustive  summary  ia  his  coa- 
cludiog  chapters  for  the  benefit  of  n  on -mathematicians,  and  every 
good  textbook  of  geology  contains  some  account  of  it.  On  re-reading 
Ihe  book  after  the  lapse  of  several  years,  the  pointa  which  chiefly 
strike  one  are  perhaps  the  wonderfully  close  agreement  between  the 
theory  and  the  phenomena  to  be  explained  by  it,  and  the  ingenious 
naimer  in  which  the  phyiioal  objections  to  me  exiitenoe  of  a  liquid 
rabttratnm  aro  enoountered. 

It  ia  impossible  at  the  present  time  to  make  any  estimate  of  the 
pomunsnt  valoe  of  Mr.  Fisher's  work.  There  can  be  no  doubt  that 
it  ia  mora  highly  appreciated  in  foreign  oountries  than  it  is  in 
England  ;  for  Mr.  Fisher's  views  are  generally  regarded  as  un- 
orthodox here,  while  abroad  the  balanoe  ia  probably  in  their  faTonr. 

It  is  nnfortnnate  that  English  opinion  as  to  the  condition  of  the 
earth's  interior  should  be  mainly  led  by  a  few  mathematioianB  whose 
shier  interests  lie  elsewhere.  No  controversialist  is  bound,  or  can 
bv  bound,  to  examine  every  ontioism  of  his  work,  bat  so  long  as 
«amfnl  and  cousoienticas  critioisms  are  left  unanswered,  the  jndg- 
meot  of  others  with  r^;ard  to  that  work  must  be  held  in  >uspena& 
Mr.  Fisher's  investigationa  oannot  be  brushed  aside  as  of  little  or  no 
oonseqnenoe.  We  may  or  may  not  believe  in  the  pmotioal  solidity 
of  the  earth's  interior;  but,  if  we  do  oonsider  this  view  as  the  more 
probable,  ws  oannot  but  feel  that  the  objections  which  he  has  offered 
nqnire  serions  examination,  and  that  our  lines  of  oommnnication  foi 
farther  advanoea  are  menaoed  until  hia  attack  is  definitely  repelled. 

In  refleoting  on  Mr.  Fisher's  work  as  a  whole,  one  oannot  help 
being  struck  by  his  self-saorifioing  boldness.  It  is  no  light  thing 
for  A  tboDgbtfal  man  to  spend  the  better  part  of  thirty  years'  leisure 
in  working  out  a  theory  the  foundation  of  which  «ay  be  swept  away 
by  tome  future  diacx>very.  In  such  a  position  many  of  us  would 
naid  onr  work  with  jealous  watobfulaeas  from  all  unfriendly  glanoes. 
But  «t  foorsoore  years  and  moie>  Hr.  Fiahor  weloomw  ohtwsam',  \ai 
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only  oomplaint  is  that  he  cannot  get  enoogh  of  it.  What  he  moit  of 
all  desires,  and  what  his  patient  labour  deserves,  is  that  his  work 
should  be  subjeoted  to  a  searching  examination.  But  until  his 
oonolusions  are  proved  to  be  wrong,  we  may  fairly  claim  a  wide 
toleration  for  whatever  views  on  the  physics  of  the  earth's  orost 
seem  to  us  most  nearly  in  accordance  with  the  nature  of  geological 
phenomena. 

Some  time  or  other,  no  doubt,  Mr.  Fisher's  chief  life-work  will 
be  weighed  in  the  balance.  Whether  it  be  found  wanting  or  not, 
no  one  will  dispute  that  he  has  solved  one  problem  with  complete 
success.  However  bitterly  he  may  have  been  attacked,  his  courtesy 
has  never  failed.  He  is  one  of  the  few  men  whose  part  in 
controversy  has  enriched,  and  never  degraded,  science.  He  can 
look  back  upon  a  long  life  of  fruitful  labour  and  of  kindly  service 
to  his  fellow-men.  At  the  same  time  he  can  reflect  that  he  has  never 
written  a  harsh  word  that  he  could  now  wish  to  be  withdrawn. 

C.  Davisov. 


II. — ^New   Fossil  Bibd   and    Fish  Remains  fbom  the  Middle 

Eocene  of  Wtomino. 

By  Chablbs  B.  Eastman,  Cambridge,  Mast. 
(PLATE  IV.) 

THE  Green  Biver  Shales  of  Wyoming  have  long  been  noted  for  their 
numerous  and  beautifully  preserved  fossil  fishes.  Fragmentary 
traces  of  bird-remains  have  been  met  with  in  the  same  horizon  from 
time  to  time  since  the  year  1869,  when  the  first  fossil  feather 
reported  from  North  America  was  obtained  by  Dr.  F.  V.  Hayden.' 

During  the  past  summer  the  Museum  of  Comparative  Z^oology 
at  Cambridge,  Massachusetts,  has  come  into  possession  of  two 
remarkable  specimens  from  the  fish-bearing  shales  near  Fossil, 
Wyoming.  One  of  these  is  a  gigantic  Lepidosteid,  of  which  only 
detached  scales  and  vertebras  have  hitherto  been  known ;  the  other 
is  a  nearly  perfect  skeleton  of  a  gallinaceous  bird.  It  is  the  writer's 
intention  to  present  a  detailed  description  of  both  fossils  at  some 
future  time,  but  meanwhile  it  is  possible  the  following  notes  may 
be  of  interest 

Oallinuloides  Wyomtngensia,  gen.  et  sp.  nov.     (Plate  IY») 

Short-billed,  stout-legged  birds  attaining  the  size  of  a  gallinule, 
rail,  or  small  coot,  and  resembling  these  forms  in  general  characters. 
Coraooid  straight  and  stout,  without  subclavicular  process ;  furculuni 
V-shaped,  with  well-developed  hypocleidium.  Wings  short,  bones 
of  hind-limb  of  medium  length.  Femur  one-fifth  and  tibia  rather 
more  than  two- thirds  longer  than  the  tarso-metatarsus.  The  latter 
is  flattened  from  back  to  front,  has  moderately  expanded  extremities, 
and  a  deep  anterior  channel  occupying  nearly  the  total  length,  which 
in  the  type  measures  34  mm. ;  second  trochlea  slightly  shorter  than 
the  fourth,  and  not  produced  towards  the  inner  side.     Lateral  toea 

>  Amer.  Joum.  Sci.  [3],  vol.  xi  (1870),  p.  272. 
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Babeqnal,  about  two-tliirds  as  long  aa  the  miJdle  one,  and  hallnz 
ODO-tbird  aa  long ;  middle  digit  utd  tnrso- metatarsus  of  etjiial  length. 
Plumage  uukoowo. 

Tbe  general  appaaranaa  of  tliiB  apeoimea  is  shown  in  the 
accompauj'iog  Plate,  which  is  reproduced  frcm  a  photograph  with- 
ODt  retouohing.  It  will  be  seen  that  the  body  lies  with  its  right 
aide  embedded  ia  tbe  matrix,  tbe  right  hind-limb  iu  advance  of  the 
left,  the  humeri  elevated  and  overlyiog  a  bend  in  the  ueok.  The 
right  fore-wing  la  wanting,  and  tbe  left  is  doubled  over  so  as  to 
expose  the  humerus  from  the  palmar  and  tbe  remaining  wiag-bonea 
from  the  opposite  or  Tontral  aspect.  The  pelvis  also  is  seen  from 
the  ventral  side,  tbe  right  hind-limb  froiu  in  front,  and  the  left 
partly  from  iu  front,  partly  from  one  side.  Thus,  one  of  tbe 
femora  presents  a  lateral  and  the  other  an  anterior  view,  but  tbe 
ooracoida  aitd  soapulse  are  ao  turned  as  te  exhibit  mutually  oorre- 
sponding  sides. 

To  speak  of  the  imperfections  first,  the  ribs  are  brohen  and 
confused,  tbe  oaudal  vertehrie  are  wanting,  the  ditrsal  displaoed 
and  in  pact  scraped  away  by  careless  use  of  tools  in  tbe  bands 
of  a  collector,  and  the  cervioals  in  part  concealed  hy  the  humeri. 
Between  the  acapulfe,  and  between  the  humeri  and  occiput,  tlie 
vertebral  column  appears  largely  in  section,  owing  to  unfortunal« 
mutilation.  Most  serious  of  all,  however,  is  tbe  damage  done  to 
tbe  head,  tbe  bone -substance  being  so  cut  into  or  scraped  away 
■■  to  malte  it  impoMible  to  dietingDish  the  separatA  elsmeata. 
Depredations  of  this  nature  are  wholly  inexcusable,  and  oannot  b« 
too  severely  censored. 

The  itemitm  is  well  shown  in  lateral  aspeot,  its  body,  however, 
being  muob  oompreued.  Tbe  latter  gives  off  a  very  Icog  and 
■lender  intermediate  xiphoid  process,  and  a  stouter  and  shorter 
external  xiphoid,  the  distal  extremities  of  both  being  expanded. 
The  costal  ooadylea  for  articulation  with  the  eternal  ribs  are  very 
small,  and  the  oostal  process  of  only  moderate  proportions.  There 
ia  a  well-developed  rostrum  or  maonbrium,  and  the  ooraooid  grooves 
are  brood  and  deep.  The  ooraooids  themselves  are  relatively  short 
and  stout,  without  subolavionlar  prooesses  and  foramina ;  their 
itemal  facets  are  considerably  arched,  and  there  ia  a  faint  hyoetemal 
prooeas.  Tbe  olaviolea  form  a  narrow  V-shaped  arch,  implying 
rednoed  powers  of  flight  The  soapulsB  are  long  and  slender,  with 
well-developed  glenoidal  and  aoromial  prooesses,  aud  are  not  distally 
e^unded. 

Tha  bone*  of  the  /ore-IJmft  do  not  require  specual  oommeut.  The 
right  homenu  is  seen  in  radial  aapect,  and  shows  a  broad  delto* 
peotonl  oreat  and  prominent  distal  condyles.  The  latter  ar* 
•■peoially  well  displayed  in  the  palmar  view  presented  by  the  1<A 
hsmem^  Effects  of  pressare  are  apparent  in  the  extreme  width  of 
tbe  ramaioing  wing-bcmea.  It  ia  possible,  in  addition,  that  the 
nliue  of  both  wings  am  aoperimpoaed  or  are  omshed  ooatiguous  to 
Sinoe  tha  [Aotograph  was  taken,  all  tbe  limb-jointa 
•  fnlly  npowd  with  the  point  of  a  oMdla. 
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The  fslvis  leaves  mooh  to  be  desired  in  the  way  of  preservation. 
It  presents  the  visoeral  aspect  to  view,  the  saoro-iliao  roof  being 
embedded  in  the  rock;  part  of  the  sacrum  is  concealed  by  the 
overlying  left  femar.  The  anterior  border  of  the  ilium  is  oonvez ; 
the  post-aoetabular  portion  is  broader  than  the  fore  part,  but  of 
about  equal  length.  The  right  acetabulum  is  distinctly  shown,  and 
measures  8*5  mm.  in  diameter.  Just  behind  it  lies  the  elongate- 
elliptical  ischiadic  foramen,  and  at  the  junction  with  the  pubis  is 
seen  a  very  small  obturator  foramen.  The  pnbes  are  long  and 
delicate,  slightly  convex  outward,  and  do  not  appear  to  have  been 
attached  to  the  isohia  posteriorly.  Only  the  first  two  caudal 
vertebra  are  preserved.  Oonoretionary  structures  are  the  cause  of 
the  disoolorations  in  line  with  the  distal  extremities  of  the  pubes, 
and  adjacent  to  the  left  scapula. 

The  bones  of  the  hind-limb  are  all  more  or  less  flattened  by 
pressure.  The  femora  are  stout,  nearly  straight,  and  exhibit 
moderate  -  sized  rotular  channels  and  distal  condyles.  The  left 
tibia  is  seen  from  the  fibular  side,  with  the  fibula  itself — together 
Mrith  the  procnemial  and  ectocnemial  processes  —  very  much 
flattened.  Of  the  distal  condyles  the  inner  is  slightly  the  larger  in 
fore-and-aft  extent,  the  outer  in  transverse.  An  oblique  bridge 
over  the  groove  for  the  extensor  tendons  is  faintly  indicated  close  to 
the  condyles.  The  tarso-metatarsus  is  flattened  from  front  to  back, 
traversed  by  a  deep  longitudinal  groove  along  nearly  the  entire 
anterior  face,  has  the  external  tibial  facet  on  a  lower  level  than  the 
internal,  and  the  second  and  fourth  trochleas  of  about  equal  size. 
The  phalangeals  of  the  first  three  toes  are  of  about  the  same 
proportions  as  in  the  common  pigeon,  those  of  the  fourth  toe  are 
longer.  The  proportions  of  principal  parts  are  given  in  the 
subjoined  table: — 

Tablb  of  Mbasurbmbitts. 
Length  in  mm.  Length  in  mm. 


Head       48 

Scapula    48 

Goracoid 27 

FuFcolum        ...  33 

Crista  sterni    ...  58 

HnmeruB 47 

Ulna        49 

Badius     46 


JILftllUo  •••       •*•       ...       •••       ..•       ...  4D 

A  vlUU*  ...        •••        ••«        ...        ...        «.•  9« 

X  101ft  ...       •••      •.•      ••«      ...      •••  Oo 

Tarao-metatanus     34 

L     Digit  (7+4)       11 

IL      „     (11+8  +  6)       26 

in.     „     (12  +  10  +  8+6)       ...  86 

IV.      „     (7-6  +  6-6  +  4+4  +  P4)  26 

Height  of  knee-joint  (estimated)  ...      90  mm. 
Total  height  (estimated)        220  mm. 


Six  cenrical  vertebrsd  are  discernible  in  section  between  the  occiput 
and  distal  portion  of  the  left  humerus,  the  length  of  the  series  being 
4*5  mm.  Possibly  six  or  seven  more  lie  concealed  beneath  the 
humeri  and  glenoidal  end  of  the  right  scapula.  Measuring  along 
the  loop  indicated  by  the  position  of  the  vertebral  column  gives 
a  length  of  85  mm.  for  the  entire  series  of  cervicals ;  the  lengtii  of 
the  dorsal  series  cannot  be  precisely  estimated. 

Bdatumships. — ^The  characters  outlined  in  the  above  cannot  be 
brought  into  strict  agreement  with  any  one  modem  ornithic  family. 


but  appe&r  to  be  transitional  between  true  gallinaceous  birds 
aod  Ibe  group  typified  by  coots,  mU,  and  gallinnleB.  With 
the  last  -  aatned  the  present  akeletoii  exhibits  a  nniuber  of 
features  in  common,  and  there  ia  also  Boiue  rpsemhlance  to 
ourassowd.  Ad  annectant  type  or  a  generalized  organization  ia 
exactly  what  we  should  expect  to  find,  oonsidering  the  antiquity  of 
the  remains.  For  palteontoloxical  purposea,  the  limits  of  modem 
bird -di  via  ions  must  be  considerably  extended,  and  this  becomes  the 
more  imperative  the  farther  wo  recede  in  geologic  history.  Hence, 
io  the  present  instance,  we  shall  not  be  very  far  wrong  in  assigning 
to  the  new  form  a  position  intermediate  between  tlie  orders 
Pftludioolat  and  Gallinaj,  as  these  are  commonly  underatood. 

From  the  late  Tertiary  of  America  a  number  of  rupreeentativea  of 
the  two  last-named  orilera  have  been  described  by  Cope,'  Marsh,* 
and  Sbufeldt,'  but  so  far  as  the  writer  is  aware  but  one  genus,  and 
that  a  crane  (AlelarnU,  Marsh),  is  known  from  tlie  Eocene.  The 
fr^menta  described  by  Marsli  as  Tetmalomit  priscus  and  T.  affinig 
from  the  Cretaceoua  marls  of  New  Jersey  are  referred  by  him  to  the 
Ballidee.  Batltu  itself  and  typical  Gallinre  are  first  mot  with  in  the 
Upper  Eocene  of  Europe. 

Lepidotleut  atrox,  Leidy. 

Only  one  of  the  eight  '  species  '  of  Lepidosleida  deecribed  by 
Loidy,  Cope,  and  Marsh,  from  the  American  Tertiary,  is  founded 
upon  anything  like  a  complete  fisli.  This  is  Lepidoateiu  euneatiu 
(Cope),  a  small  form  about  30  cm.  in  length,  from  the  Miocene  of 
Csntial  Utah.  The  remainder  are  established  upon  detaohed  aoaloB, 
jftir-fragmenta,  and  vertebras,  many  of  them  too  imperfect  for  generic 
datonninatioa.  Our  knowledge  of  European  Lepidosteids  is  likewiso 
flODfined  to  the  aame  olass  of  fragments.  The  fact  ia,  fossil  gars  are 
Tsry  rare,  and  are  known  only  from  Booene  and  Lower  Uiooene 
borizons. 

Cope*  obserred  that  in  French  examples  the  maxillary  is  maoli 
lev  iegmettted  than  in  reoent  gars ;  also  that  two  of  the  Amerioui 
■peoiec  (L.  atrox,  Leidy,  and  L.  gtaber,  Marsh)  have  the  "  msadibnlar 
ramus  without  or  with  leduoed  fissure  of  the  dental  foramen,  and 
without  the  groove  ooutinuous  with  it  in  Xcptdostous."  Upon  suoh 
•light  diffeienoes  he  erected  the  new  genus  Clailei,  to  whioh  all  the 
Amaricui  speciea  are  oommonly  referred.  The  complete  speoimen 
obtained  this  summer  from  Fossil,  Wyoming,  proves  that  a  generio 
•^aration  from  LepidotUut  ie  impossible;  the  name  ClasUt  there- 
fore becomes  a  synonym,  and  it  is  further  probable  that  the  somalled 
dutta  amax  of  Cope  ia  identical  with  Leidy's  L.  atrox, 

Tlia  new  speoimen  ia  beautifully  preserved  as  a  whole,  the  only 
anions  defect  being  that  the  or&nial  bones  are  more  or  less  orushed. 

>  Sun.  U.B.  Qaol.  Burr.  T«rT.,  vol.  it  (1878),  Ka.  2. 

*  Amv.  JoDin.  Sd  [31,  "ol.  ii  (1871],  p.  126;  ibid.,  vol.  ir  (1872),  pp.  366-8; 
FiDc.  Aiad.  Nat.  Sei.  FhiW.,  1870,  p.  II. 

1  Jaqni.  And.  Nat  Sd.  Philad.,  toI.  ii  (18S2),  pp.  41I-(16. 

4  "TntfairTBttabniU,'*  bk.  i,  p.  63  (Kept.  U.S.  OeoL  Surr.  Ten.,  vol.  iii, 
1«B4). 
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The  tail  and  hinder  part  of  the  trank  present  the  right  lateral  aapeot 
to  view,  but  the  remainder  of  the  body  lies  squarely  on  the  Tentnd 
surface  and  is  flattened  out  symmetrioally  on  both  sides  by  pressoie. 
The  fins  are  superbly  preserved,  and  with  their  bundles  of  finely 
articulated  rays  and  fringe  of  biserial  fulcra  make  a  striking  appear- 
ance. The  total  length  of  the  fish  is  1*7  m.,  of  which  the  h^d  forma 
about  0*5  m.  In  point  of  size,  relative  length  of  head,  fin-stmoture» 
and  squamation,  there  is  a  very  close  resemblance  to  the  recent 
Alligator  gar,  or  L.  viridis,  Giinther;  the  dentition  is  much  the 
same,  and  the  number  of  longitudinal  and  transverse  scale-seriea 
is  the  same  in  both.  A  detailed  description  of  the  new  specimen 
will  form  the  subject  of  a  separate  paper ;  it  will  be  sufficient  for 
the  present  to  point  out  that  the  modem  gar,  and  more  particularly 
the  Alligator  gar,  has  existed  from  at  least  Eocene  times  essentially 
unchanged. 

EXPLANATION  OP  PLATE  IV. 

Oallinuloidei  WyomngetuU,  gen.  et  sp.  dot.  Middle  Eocene :  Foatil,  Wyoming. 
Cy  coracoid ;  el^  furcolnm ;  /,  nght  femur ;  A,  A',  humeri  of  left  anid  right 
wings  reepectiTely ;  t,  ilium ;  m,  manus ;  p^  pubis ;  r,  radius ;  rhy  detached 
rib ;  «,  scapula ;  Mt^  sternum  ;  t^  tibia ;  imy  tarso-metatarsus ;  »,  ulna  ; 
I-IV,  toes. 

III. — Some  Snowdon  Tabnb. 
By  J.  B.  Daktnb,  Esq. 

I  HAVE  from  my  hoyhood  heen  intimately  acquainted  with 
Snowdon  and  its  neighbourhood,  and  for  some  years  past 
I  have  been  investigating  the  geology  of  the  district  in  a  systematio 
manner.  In  doing  this  I  have  paid  particular  attention  to  the  lake 
basins,  and  shall  in  the  following  pages  give  an  account  of  some  of 
my  investigations  as  far  as  they  have  gone.  I  say  as  far  as  they 
have  gone,  because  I  hope  in  the  future  to  make  by  means  of  a  level 
more  accurate  measurements  than  can  be  made  with  a  pocket 
aneroid  ;  and  I  also  hope  that  next  Summer  the  lakes  and  tarns  will 
be  sounded  either  by  myself  or  by  someone  else  ;  for  at  present  we 
know  nothing  about  the  depth  of  Llyn  dur  Arddu,  next  to  nothing 
above  that  of  Olsislyn,  and  very  little  about  Llydaw,  though  that 
little  is  of  great  importance. 

I  will  now  proceed  with  my  account.  Glaslyn  at  its  outlet  ia 
bounded  by  rock  on  the  north  side  and  by  drift  on  the  south,  but 
the  shape  of  the  ground  shows  that  the  drift  is  merely  a  mound  of 
no  great  thickness,  banked  against  the  Qribbin,  as  the  rocky  spar 
is  called  which  separates  Glaslyn  from  Llydaw.  At  a  distance  of 
about  twenty  yards  from  the  lake  solid  rock  is  seen  in  the  bed  of 
the  outflowing  stream  at  less  than  six  feet  below  the  level  of  the 
lake.  This  to  my  mind  proves  without  any  reasonable  doubt  that 
the  lake  lies  in  a  rock  basin;  for,  as  I  said  above,  the  drift  is 
apparently  of  but  little  thickness,  and  the  lake  is  certainly  more 
than  six  feet  deep :  I  have  myself  dived  into  it  to  a  greater  depth 
than  that.  I  will  not,  however,  insist  upon  this ;  for  at  the  old  mill, 
seventy  yards  from  the  lake,  Bolid  rock  extends  right  across  the 


ttrtam  from  tbe  Gribbia  on  one  siJa  to  the  oliiTy  ground,  on  the 
other,  along  wbiob  tbe  road  fmiu  tbe  mines  ruue.  From  ihis 
point  in  tbe  etream  cue  can  asoend  to  tlie  Baramlt  of  Snowdon. 
eitber  by  the  Gnbbin  on  the  Boulb  or  by  way  of  Crib  y  Odyggl 
DD  the  uctrlb.  without  treadiog  ou  aDythiog  but  solid  rook.  Tbis 
poiut  IB,  US  measured  by  an  aneroid,  40  feet  below  the  level  of 
the  litke.  Consequently,  uulese  Glaalyn  is  lees  than  40  feet  deep, 
it  masl  lie  iu  a  ruck  basin,  even  if  we  neglect  the  fact  that  rook  is 
aeen  in  the  Btream  at  only  a  few  feet  below  the  level  of  tbe  lake. 
We  do  uot  kuow  the  depth  of  Qlaslyn,  btit  it  ia  probably  more  tbaa 
40  feet  deep ;  for  ou  the  north  side,  near  the  mine,  look  oomes 
dowii  to  the  water  at  a  slope  of  30°,  and  on  the  opposite  side  the 
average  slope  of  the  rocka  coming  down  to  ihe  lake  id  even  more 
tbui  iiO°. 

1  oonolude,  then,  ibat  Glaslyn  oeoupies  a  rock  basin.  Ia  their 
paper  on  the  Lakes  of  Snowdon,  Messrs.  Marr  and  Adie  write  in 
neferoDoe  to  the  outflow  of  Gtablyn,  with  all  the  emphasis  of 
italics,  "the  bottom  of  the  drift-jiiled  depreation  i»  nt  a  lower  level 
Otan  the  preteut  ttreaia,  which  runs  at  the  aide  of  the  valley,  being 
separated  from  the  lowest  part  by  a  low  shelf  of  rock."  Wliat  they 
eati  tbe  present  stream  is  an  artificial  waturoouise  niaOe  by  tbe 
old  miners  tu  carry  the  surplus  water  of  (be  lake  clear  of  their 
works.     Comment  is  needless. 

Lflyn  Llydaw  is  dammed  up  by  glacial  dcpoaitB ;  but  at  250  yards 
from  tbe  outlet  solid  rook  is  seen  in  the  issuing  Stream  and  on  both 
aidM  of  iL  This  point  in  tbe  stream  is  by  my  aneroid  from  25  to 
SO  fast  below  the  level  of  the  lake.  Mr.  Watts,  however,  considers 
the  fint  live  rook  seen  by  him  in  the  stream  to  be  40  or  50  feeb 
baloir  the  level  of  the  lake.  At  250  yards  from  the  present  outlet, 
in  »  N.N.W.  direction,  there  is  a  depression  by  which  the  lake  may 
pOMibly  have  once  discharged  itself;  and  at  about  22S  yards  frotu 
ths  Ittkia  solid  rook  is  seen  in  the  bottom  of  this  depression  and  on 
both  ndea  thereof.  Aooording  to  the  aneroid  this  point  is  40  feet 
balov  tba  level  of  the  lake.  The  spaoe  between  the  present 
OBtflowing  fltieam  and  the  above* mentioned  channel  is  occupied  by 
drift  whioh  thins  away  eastward,  bo  that  immediately  south  of  th» 
little  pool,  shown  on  the  Ordnance  six-inch  map,  rock  forms  the 
^aoe  ot  tbe  gronnd.  The  place  where  the  rook  is  seen  in  the 
.  depression,  as  stated  above,  is  just  where  it  is  joined  by  another 
rosaion,  which  runs  down  from  the  little  pool,  and  it  is  along  this 
uaA  that  Ur.  Marr  imagines  the  lake  to  have  formerly  drained. 

Gonaeqnently,  in  all  possible  outlets,  real  or  imaginary,  to  Llydaw, 
•olid  rook  is  first  met  with  in  descending  from  the  lake,  at  a  level 
BO  lower  than  40  or  60  feet  below  its  surface.  Llydaw  must 
then  lie  in  a  rook  basin  unless  it  is  less  than  60  feet  deep ;  but 
we  have  reason  for  believing  that  it  is  much  deeper  than  60  feet 
Hanj  years  ago  a  man's  clothes  and  boots  were  found  lyiug  beside 
die  lake^  It  was  supposed  that  the  owner  had  been  drowned.  A  pro* 
'  Del  diver  was  fetohed  up  from  Caernarvon,  and  search  wae 
for  tbe  mlssJDg  body.    The  late  Heoty  Owen,  the  weLV-knowib 
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landlord  of  Pen  y  Gwryd,  was  present  at  the  searoh ;  and  he  told 
a  friend  of  mine  that  in  one  plaoe  no  bottom  was  reached  at  the 
depth  of  200  feet.  Unless,  then,  this  estimate  was  grossly  erroneous 
Llydaw  mast  lie  in  a  rook  basin. 

There  is  not  muoh  to  be  said  aboot  Llyn  dar  Arddu.  It  lies  at 
the  head  of  Cwm  Brwinog  under  the  preoipioe  oalled  Clogwyn  dur 
Arddu,  which  forms  the  south  side  of  the  Cwm,  and  rock  is  seen 
at  the  outlet  on  the  south  side  of  the  stream ;  but  no  rook  is  to  be 
seen  on  the  north  side  of  the  lake,  nor,  as  far  as  I  know,  for  a  long 
distance  down-stream ;  in  fact,  on  that  side  nothing  is  to  be  seen 
but  a  steep  bank  strewn  with  large  blocks  of  stone,  so  that  we 
•cannot  tell  whether  the  tarn  lies  in  a  rock  basin  or  not.  Although 
nothing  but  the  rock-strewn  bank  is  to  be  seen  on  the  north  side  of 
the  Cwm,  yet  the  unsophisticated  intellect  conceives  that  the  Cwm 
is  bounded  on  that  side,  too,  by  solid  rock,  hidden,  however,  by 
superficial  detritus.  There  is  absolutely  no  evidence  to  support  the 
assertion  of  Messrs.  Marr  and  Adie  that  the  lake  once  drained  more 
northward  down  a  valley  now  buried  under  moraine.  Not  only  is 
there  no  evidence  in  favour  of  such  a  view,  but  the  chances  are  all 
^he  other  way,  for  it  presupposes  a  far  greater  thickness  of  drift 
than  is  known  to  occur  in  any  part  of  the  district.  There  are  many 
places  in  the  Snowdon  region  where  the  thickness  of  the  glacial 
deposits  can  be  measured.  As  far  as  I  know,  these  deposits  are 
thickest  under  Tr  Aran,  on  the  left  bank  of  the  Colwyn,  about 
a  mile  above  Pont  Caer-gors,  and  here  the  thickness  is  less  than 
a  hundred  feet.  In  most  cases  it  is  much  less  than  this.  Thus  it 
is  most  improbable  that  there  should  be  in  Cwm  Brwinog  so  great 
a  thickness  of  drift,  and  that  for  the  distance  of  a  mile  or  more,  as 
must  be  the  case  if  there  is  such  a  buried  valley  as  Messrs.  Marr 
and  Adie  assume. 

The  tarns  in  Cwm  Glas  are  so  shallow  that  they  are  of  little 
importance,  but  the  lower  one,  Llyn  Olas,  most  certainly  lies  in 
a  rock  basin,  for,  without  going  below  the  level  of  the  tarn,  one  can 
walk  all  round  it  without  ever  treading  on  anything  but  solid  rock. 

I  shall  not  at  present  say  more  about  Cwm  Glas,  nor  about  Cwm 
Brwinog,  as  I  hope  on  a  future  occasion  to  deal  fully  with  the 
geology  of  these  corries.  Nor  shall  I  now  treat  of  the  Snowdonian 
lakes  as  distinct  from  the  tarns ;  but  as  Messrs.  Marr  and  Adie,  in 
the  part  of  their  paper  on  the  Snowdon  lakes  dealing  with  Llyn 
Owellyn,  have  indulged  in  some  speculations  and  statements  about 
a  part  of  the  country  with  which  I  am  intimately  acquainted,  I  must 
point  out  some  mistakes  into  which  they  have  fallen. 

On  p.  55  of  their  paper  they  say  "a  drift-filled  depression  is 
traceable  up  a  tributary  joining  it "  (the  main  stream)  *<  a  few  yards 
fiouth-east  of  Cwellyn  State  Quarry."  This  is  a  mere  assertion :  no 
proof  is  offered  of  the  existence  of  drift  in  this  depression;  it  is 
simply  assumed,  and  in  fact  no  proof  can  be  offered,  for  along  the 
•course  of  the  little  valley  there  are  no  sections  in  superficial  material 
save  one  near  Ffridd  quarry,  where  a  pit  has  been  dug  for  walling- 
«tones  in  some  loose  stuff  which  may  be  morainia    Throughout  the 


rest  of  ita  ooqtm  there  is  no  evictence  of  the  esisteQoe  of  ( 
drift;  but  on  th«  oonlrary  some  evidence  lli&t  thero  i^  no  drift  !• 
the  Oepression,  for  BoUd  rock  is  seen  close  to  the  slreani  st  lOOvudi 
north  of  the  narrow-gauge  railway;  and  still  further  nOfW  As 
Talley  is  cumbered  with  large  angular  bloL-ks  oonsistiri;^ 
of  (liahase,  which  have  fallen  from  the  clilTii  above.  Than  !■ 
drift,  for  were  there  any  we  sho'iM  fin<l  stoneH  of  many  dUfcn 
sorts,  BD<1  many  of  them  would  be  rounded.  So  Kir.  Hair's  dittt' 
filled  gorge  350  feet  deep  is  a  mere  figment  of  the  imttfiMtHe. 
I  must  also  remark  that  judging  from  the  shape  of  the  ground  Uya 
Cwellyn  is  probably  a  great  deal  more  than  50  feet  deep. 

Aa  Iti  the  peaty  watershed  near  Pitts    FTend,  it    mattars  BOtUw 
whether  it  is  "  composed  of  an  alluvial  deposit  "  or  not,  for  tllA  woiui 

I      rock   comes   to   the    day   in  so    many  places   that  the    sd] 

I      covering  is  evidently  merely  a  thin  skin. 

I  On  the  nest  page  the  authors  say  "  the  bed  of  the  ColiifjD  i 

over  drift  until  within  a  short  distance  of  B«dd(;elert."     I  >m  k 


to  be  obliged  to  contradict  the  writers,  but  the  above  t 
is  incorrect.  Neither  the  Colwyn  nor  its  bed  runs  onx  drift 
immediately  soath  of  Pitts  Ilead  watershed,  for  solid  rock  is  tNtt 
in  the  bed  of  the  river  at  Pont  Caer-gors  and  at  several  oUwr 
places  for  more  than  550  yards  down-stream,  at  which  dirtano 
the  river  actually  runs  in  a  rocky  gorge.  The  eastern  ddo  of 
the  Colwyn  valley  is  formed  of  solid  rook,  not  only  thni^^OSt 
the  whole  of  this  distance,  hut  for  much  further  bouth.  A  low 
bmk  of  drift  forms  the  western  margin  of  the  river  immediately 
•oath  of  Pont  Caer-gors.  This  drift  obviously  lies  as  a  tableolotli 
OD  A  gently  aloping  surface  of  rock  which  comes  to  the  day  300 
7>rdB  west  of  the  bridge.  No  drift-buried  gorge  is  possible  here. 
The  npshot  is  that  Messrs.  Man-  and  Adie,  in  their  hurry  to  esoape 
Arom  a  rook  basin,  have  invented  an  impossible  gorge  to  carry  the 
water  of  Llyn  Cwellyn  across  a  mountain  range  whose  lowest  point 
ia  660  feet  above  the  sea,  that  is,  166  feet  above  the  present  level 
of  the  lake.  This  is  a  brilliant  effort  of  the  imagination,  though 
hardly  of  the  scientific  sort,  but  it  does  not  come  near  that  of  the 
old  Welah,  who  imagined  an  underground  oouneotion  between  Llyn 
Cmllyn  aoA  the  Llanberis  lakes  to  account  for  the  existence  of  char 
in  both.  

ly.— Nora  OH   a  Ckdbtaoiui  Mbsodsokilstbs  BiRLsri,  obn.  it 

BP.  KOY.,   nOK  THB   OaDLT   OF  FOLEKBTOHB,   EbnT. 

By  HraiT  Woodwasii,  LL.D.,  F.K.8.,  F.G.S.,  stc. 
"^NE  of  the  resnlta  inoidental  to  the  meeting  of  the  British 
Asaooiation  for  the  Advancement  of  Science  at  Dover  in 
S^tomber  last  was  a  visit  paid  to  Folkestone  by  the  members  of 
SMtion  0  (Geology).  Among  the  ladies  present  was  Miss  Caroline 
Biriaj,  well  known  both  as  a  traveller  and  for  the  deep  interest 
whko  the  has  always  taken  in  palseontologioal  research ;  she  is  also 
tito  ownar  of  an  azoellent  private  museum  of  mineisla  Kod  fou^v 
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moBtly  oolleoted  by  bvraelt  Hiss  Birley  wsb  fortntute  in  obtaming 
from  Mr.  J.  Griffiths,  tlie  resident  geologioal  oolleotor,  a  email  bat 
well  -  preaerved  campooe  of  a  Gault  Crustacean,  believed  at  ths 
moment  to  be  the  nsoal  Neeroeareinut  Beehet  (Deslongaoh.,  ap.), 
a  form  about  as  abundant  in  that  locality  as  the  PaUeoeoryitn 
Stoketii  (Uanteil,  sp.).  The  specimen,  enlai^d  twice  natural  size, 
u  clearly  depicted  in  the  aooompanying  illustration  in  the  text 


Meiedromilitet  Sirltyi,  gea.  et  ap,  noT. 

Crsnlt ;  Fo1keat«ne.    a,  dorsal  upect ;  b,  profile  of  aame  Bpecimea.    Drawn  twice 

th«  natuTBl  siie.    Ttie  originBl  Bpecuuen  is  in  the  posseuion  of  Miw  C«roliiie  Bialej. 

A  more  careful  examination  of  the  original  convinced  me  that 
I  was  in  error  in  referring  this  Crustacean  to  N.  Beehei,  or  indeed 
to  any  species  of  Xeerocareiniu ;  and  after  a  lengthened  search  for 
an  analogue  I  was  compelled  to  believe  it  to  be  a  new  form, 
a  thing  well  -  nigh  incredible  in  a  formation  like  the  Gault  of 
Folkestone,  which  has  been  *tlie  happy  faunting>ground  *  for  so 
many  generations  of  London  and  provincial  geolt^ista,  and  a  spot 
dear  to  the  name  of  J.  Griffiths,  who  for  tlie  past  fifty  years  or  mora 
has  been  the  sole  collector  and  geological  guide  of  Folkestone  Cliffs. 

The  figures  giro  both  tLe  dorsal  and  lateral  aspect  of  the 
carapace,  and  show  it  to  be  one-fourth  longer  than  broad,  very 
tumid  in  the  centre,  having  three  pairs  of  rounded  sub-oentn^ 
tubercles  (three  on  either  side  of  a  median  dorsal  line),  with 
a  central  tnberole  placed  on  the  posterior  metacardiao  region.  Two 
rather  curved  and  elongated  tubercles  occur  on  the  surface  of  the 
test  outside  the  hindmost  pair  of  sub-central  tubercles  and  midway 
between  them  and  the  lateral  margins  of  the  oarapaoe,  just  over  the 
jKisterior  branchial  region.    Five  somewfaat  prominent  tuberoloB 
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HMtrk  each  lateral  margin,  the  liindmost  and  most  prominent  pair 
iMing  situated  un  a  transverxe  V-etiapeil  ridge  and  furrow,  whioh 
■cuta  off  tbe  posterior  fiftb  of  the  carapace,  and  meeting  in  the  centre, 
where  it  is  niarltod  by  the  single  median  posterior  tnbercie  nlreudy 
TefeiT«d  to.'  The  three  succeeding  pairs  of  marginal  tubercles  are 
t  equal  in  size,  and  the  front  pnir  forma  tbe  outer  angle  of  the 
1  fossa.  Tbe  rostrum  is  subdivided  or  notched  in  the  centre, 
J  a  A-sbaped  groove  rnnning  down  it,  the  base  of  which  is 
4b«oted  forwards,  and  the  diverging  points  reaching  to  the  first  pair 
<if  snb-oentral  tuberoles  which  mark  the  gaslrio  region.  Tbe  orbits 
M»  hm  mi  w«n  dtflaal  No  naafaj  flnow  ii  tWU*.  n* 
«infM«  b  Bot  Ib  ^  leHt  crailwd  or  ffistntod,  nd  Os  nrfiua 

m^/mmam  trndJ^/UHn.    Aoiwftdooinfritoaof  oorBiaehjnrin 
'     ■  ^eeiM  Aon  the  Gwll  ami  Qmumad  Bflbra*  bat 
in  the  ipeaiflo  datamiiMtimt  of  tho  ^aotnun.    &i 
^  wb«D  tbs  nttrua  to  pnwmd  It  b  not  aotobod  or 
bat  painted  in  tbo  omtM ;  tbe  median  line  of  the 
I  not  iiiBple,  bat  divided  into  dtitinot  gutrio  and  oeidiH 
and  an  enterEor  noobal  fanow  oui  be  tniaed ;  the  ouapMe 
HT  than  long ;  the  mai{^nAl  tnbanlea  are  not  pnnninen^  and 
Aonwiarior  or  metadnvncltlal  nmw  li.  abaent. 

Ivming  to  JhwatOttM  tram  the  London  Olay,  one  ia  at  onoe  atmol: 
hf  many  pointa  of  resemblauoe.  l%e  eanpaoe  (aa  in  oar  Chrnlt 
foaml)  ia  longer  than  brood,  is  very  ttimid,  the  rostrum  is  bifurcated, 
there  U  a  median  furrow,  the  tubercles  are  arranged  in  pairs ;  fonr 
pain  of  marginal  tnberolea  are  present,  the  posterior  metabrauchial 
fanx>w  is  also  seen ;  tbe  orbits  are  large  and  conspicuous. 

Unfoitnnately  the  other  ventral  aspect  of  the  carapace  b  wanting 
in  the  0«ult  fossil. 

Prof.  Bell  ("  Fouil  Malacostracous  Crustacea  of  Qreat  Britain," 
Hon.  FaL  Soo.  :  Part  ii,  '  Crustacea  of  the  Gault  and  Greeneand,' 
1862,  p.  v)  remarks : — "  The  Crustacea  of  the  strata  below  the  Chalk 
.  .  .  .  present  several  remarkable  peonliarities  in  their  forms 
and  affinities.  One  of  the  most  interesting  of  these  is  the  existence 
of  analogous  or,  so  to  speak,  representative  species  in  these  beds  and 
in  ttie  London  Clay  "  (see  part  i  of  same  ]y[on.,  '  Crustacea  of  the 
London  Clay,'  op.  ciL,  1867,  pis.  v  and  vi).  "In  some  oases  this 
repieaentation  is  shown  in  their  specific  diatinntion,  with  the  most 
pwfeot  generic  identity,  as  in  tbe  case  of  Boptopana,  of  whioh  we 
bare  already  seen  two  very  distinct  epeoies  in  tbe  later  formation, 
and  we  have  now  described  no  fewer  than  six  species  in  the  earlier 
depoaita.  In  no  instance  do  any  of  these  locally  separated  individuals 
balOBg  respectively  to  tbe  same  species ;  in  every  one  the  specific 
dbttnotneaa  is  unambignous,  but  the  generic  relation  to  each  other 
ia  no  leas  eo.  Another  case  of  nearly  similar  import  occurs  in  the 
anomooroaB  family  Dromiadn ;   the  HomolopnM  of  the  Greensand 

>  ^ili  liiiB  msT  tw  defined  ss  tba  '  metatmncliisl  fuirow,'  and  ia  Men  ia 
HafttpiOalmm  ev^/irmii  from  the  Oiemtud  of  Wilts,  tnd  in  OrtmiMm  from 
the  Idodon  CUj. 
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being  represented  in  the  London  Clay  by  two  species  of  Dromilites, 
a  very  nearly  allied  form." 

The  addition  of  another  new  species,  apparently  related  to  tbia 
family  in  the  Gault,  is  extremely  interesting  as  exemplifying  the 
close  family  similarity,  but  very  clear  specific  and  (I  ventnre  to 
think)  in  this  case  even  generic  distinctness  from  its  congeners. 
It  is  hoped  that  before  long  other  examples  may  be  obtained, 
offering  fuller  details  of  its  structure ;  meantime  I  publish  this 
interesting  little  Crustacean,  giving  it  the  name  of  Mesadromilites  to 
define  its  older  geological  position  and  also  its  probable  relationship 
to  Dromilites  of  the  London  Clay,  with  the  specific  name  of  Birleyi, 
in  honour  of  Miss  Caroline  Birley,  to  whom  I  am  indebted  for  the 
opportunity  of  describiDg  this  new  Gault  crab. 


I. — TuE  Bed  Colour  of  the  Salt  Lakes  in  the  Wadi  Natboun. 

By  J.  Dewitz.* 

IN  an  article  published  in  the  Zoolog.  Anzeiger^  I  have  given 
a  report  on  the  biology  of  the  Natron  Valley,  the  Wadi  Natroun, 
in  the  Libyan  desert,  about  170  kilometers  from  Cairo.  It  seema 
that  my  remarks  concerning  the  red  colour  of  the  water  of  the  salt 
lakes  of  the  valley  have  interested  readers  of  the  article.  I  there- 
fore wish  to  add  here  some  researches  I  was  able  to  make  on  the 
same  subject  owing  to  the  kindness  of  Mr.  Prochaska,  head  of  the 
chemical  survey  of  the  soda  company. 

When  I  came  to  the  Natron  Valley  the  red  water  of  the  lakea 
excited  at  once  my  curiosity,  and  I  tried  to  ascertain  the  reason  for 
the  redness  of  the  liquid.  Most  people  to  whom  I  spoke  about  the 
matter  told  me  that  Artemia  lives  in  the  lakes,  and  that  the  red 
colour  of  this  Crustacean  is  communicated  to  the  water.  During 
my  stay  in  the  Wadi  the  Artemia  aalina  was  not  to  be  seen,  the 
animal  appearing  only  at  certain  periods  of  the  year.  It  is  im- 
possible to  believe  that  the  coloured  mass  of  these  small  creatnrea 
is  sufficient  to  stain  such  immense  quantities  of  water  as  the  Wadi 
Natroun  lakes.  These  lakes,  about  fourteen  in  number,  lie  rather 
close  to  each  other  and  extend  over  a  space  of  about  40  kilometers. 

No  number  of  Artemia  salina  would  be  great  enough  to  give  the 
water  the  deep  purple  colour  which  it  has.  If  there  were  frogs  in 
the  lakes  and  those  frogs  were  red,  and  someone  should  say  that  the 
red  colour  of  the  water  came  from  the  red  colour  of  the  Amphibia, 
this  explanation,  I  think,  would  not  be  much  inferior  to  the  Artemia 
theory.  Besides  Artemia,  there  are  other  red  animals  in  the  lakes. 
I  obtained,  for  example,  a  red  culicid  larva.  This  shows  that 
animals  living  in  the  water  may  take  the  colour  from  it,  and  not  the 
water  from  the  red  animals.    Finally,  Artemia  salina  disappears  in 


1  Keprinted  from  Seienee,  N.8.,  vol.  x  (1899),  No.  240,  pp.  146,  147. 
*  *<lJa8  Wadi  Natroun  in  der  libyschen  Wiiste  una  aeine  niedem  Thiere,** 
Bd.  xjui  (2899),  pp,  53-61. 
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the  lakes  for  the  greater  part  of  the  year  without  causing  a  change 
in  the  coloration  of  the  water. 

But,  if  it  is  not  Artemia  $altna,  what  is  it  that  gives  the  red  colour 
to  the  water?  In  my  inTcstigations  I  treated  the  red  water  with 
different  chemicals,  among  them  acetic  acid.  When  the  acid  is 
poared  into  the  red  water  a  powerful  development  of  carbonic  acid 
takes  place,  and  at  the  same  time  a  red  soft  mass  rises  to  the  surface 
of  the  liquid,  while  the  latter  loses  more  and  more  of  its  colour. 
From  a  large  quantity  of  water  I  collected  the  soft  red  mass  swim- 
ming on  the  surface,  washed  it  with  distilled  water,  and  shook  it  in 
a  mixture  of  ether  and  absolute  alcohol.  The  red  colour  left  the  soft 
mass,  being  extracted  by  the  ether.  The  solution  of  the  colour  in 
ether  did  not  keep  the  purple  tint  of  the  soft  mass,  but  showed  a  fine 
brownish  coloration,  the  soft  mass  itself  appearing  now  as  a  grey 
yellowish  substance,  reminding  one  of  blood  fibrine.  It  could  be 
reduced  to  ashes,  and  is,  therefore,  of  organic  composition.  When 
the  lake  water  was  directly  exposed  to  the  mixture  of  ether  and 
alcohol  without  having  passed  through  acetic  acid  no  result  was 
obtained.  Concerning  the  osmotic  property  of  the  red  organic  mass, 
it  is  to  be  noted  that  it  did  not  pass  through  a  membrane  of  so-called 
parchment  paper,  such  as  is  used  for  covering  jars. 

The  experiments  show  that  the  water  of  the  lakes  contains  an 
astonishingly  great  quantity  of  organic  red  substance,  and  that  it  is 
this  which  gives  the  red  colour  to  the  water. 

The  question  now  arises  what  the  origin  of  the  red  organic 
substance  is.  My  supposition  is  that  the  substance  must  be  the 
product  of  bacteria.  Each  drop  of  water  taken  from  the  lakes  will 
be  found  full  of  them.  The  bacteria  in  all  the  lakes  are  uncoloured, 
but  I  found  that  the  cocci  exhibit  a  red  colour. 

According  to  "Baedeker"  (Egypt,  French  edition,  1898)  there 
existed  another  spot  in  Egypt,  near  Suez,  where  red  salt  water  is 
found.  On  p.  162  of  the  guidebook  I  read  the  following  note : 
"  La  couleur  rouge  des  marais  salants  entre  des  coUines  des  Bedouins 
et  le  canal,  provient  d*une  petite  ecrevisse  (de  Tordre  des 
phyllopodes)  presque  raicroscopique  qui  y  fourmille  h  certains 
moments.  Le  matin  ils  exhalent  un  parfura  semblable  h  celui  des 
violettes."  Unfortunately,  when  I  was  at  Suez  I  did  not  visit  the 
*  marais  salants,*  and  I  therefore  wish  to  call  this  note  to  the 
attention  of  the  biologists  visiting  that  part  of  Egypt.  It  would  be 
very  interesting  to  ascertain  whether  the  water  there  contains 
bacteria  and  the  same  red  organic  mass  which  I  found  in  the  lakes 
of  the  Natroun  Valley. 

II. — Notes  on  the  Minerals  of  Japan.  By  Kotora  Jimb5. 
(Beprint  from  Journ.  Sci.  Coll.  Imp.  Univ.,  Tokyo,  1899,  vol.  xi, 
pp.  213-281.) 

A  DESCRIPTION  is  given  of  128  mineral  species  found  in 
Japan,  and  represented  in  the  collections  of  Mr.  T.  Wada, 
of  the  Imperial  University  and  the  Imperial  Museum  at  Tokyo. 
The  paper  is  written  in  English,  and  so  renders  informatioti,  '^\i\c^\ 
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previously  has  only  been  published  in  Japanese  journals,  more 
easily  aocessible.  The  subject-matter  is  mainly  confined  to  the 
enumeration  of  ooonrrenoes ;  and  for  museum  curators,  puzzled  by 
Japanese  locality  names,  the  paper  will  be  very  useful.  Longer 
descriptions  are  given  of  quartz,  topaz,  and  felspar,  these  minerals 
being  represented  in  Japan  by  specially  fine  crystals. 


I&  E3  V  I  DS3  ^VT-  S. 

I. — ^Db.  Tbaquair  on  Silurian  Fishes.  Heport  on  Fossil  Fishes 
collected  by  the  Geological  Survey  of  Scotland  in  the  Silurian 
Hocks  of  the  South  of  Scotland.  By  Hamsat  H.  Tbaquaib, 
M.D.,  LL.D.,  F.R.S.  Trans.  Roy.  Soc.  Edinb.,  voL  xxxix, 
pp.  827--864,  pis.  i-v.     (December,  1899.) 

DB.  TBAQUAIB'S  new  memoir  on  the  Upper  Silurian  fishes  of 
Southern  Scotland  is  the  most  valuable  contribution  to  our 
knowledge  of  Paleeozoic  Ichthyology  which  has  been  made  for  many 
years.  It  is  of  fundamental  importance  not  only  as  describing  with 
tolerable  completeness  the  exoskeleton  of  several  organisms  which 
have  hitherto  been  known  only  by  indetermiuable  isolated  frag- 
ments ;  it  also  records  for  the  first  time  a  series  of  well-ascertained 
facts  in  reference  to  the  primitive  mode  of  development  of  the 
dermal  armour  of  the  Yertebrata.  Moreover,  it  is  a  work  which 
could  not  have  been  accomplished,  or  at  least  have  been  done 
in  a  thoroughly  trustworthy  manner,  by  anyone  less  skilled  in 
the  observation  and  interpretation  of  PalaBOzoic  fish  remains  than 
Dr.  Traquair  himself.  Most  of  the  fossils  are  very  obscure,  and 
can  only  be  understood  after  long-continued  study  and  repeated 
comparisons.  Any  geologist  or  biologist  wbo  casually  examines 
them  will  feel  gratitude  to  tbe  painstaking  author,  whose  patience 
and  unwearied  zeal  have  enabled  him  to  obtain  so  much  information 
from  them  as  is  contained  in  the  beautiful  memoir  now  before  us. 

The  specimens  in  question  were  discovered  by  Messrs.  Macconochie 
and  Tait,  collectors  to  the  Geological  Survey  of  Scotland,  in  the 
Upper  Ludlow  and  Downtonian  beds  in  the  neighbourhood  of 
Lesmahagow,  Lanarkshire.  The  thin  bands  in  which  they  occur 
consist  of  hard,  grey,  flaggy  sbale ;  and  in  most  cases  the  actual 
substance  of  the  fossils  seems  to  be  preserved. 

The  two  first  genera  described  are  considered  to  be  primitive 
Heterostraci  or  Pteraspidians,  in  which  the  dermal  armour  consists 
of  isolated  shagreen-like  granules,  not  yet  fused  into  plates.  They 
constitute  the  family  Coelolepidss  of  Pander,  which  was  known 
only  by  the  detached  dermal  granules  until  a  year  ago,  when 
Dr.  Traquair  published  a  foretaste  of  his  results  in  the  description 
of  Tkelodus  Paget  from  the  Lower  Old  Bed  Sandstone  of  Forfarshire. 
Two  new  species  of  Tkelodus  (T.  seoticus  and  T.  planus),  from  the 
Upper  Silurian,  are  now  described  and  figured.  The  head  and 
trunk  are  completely  covered  with  a  dense  layer  of  the  little 
shining,  quadrangular  granules,  which  have  long  been  familiar  to 


«olIecto»   from     be    Lndl  w   Bone-bed 
of  Oese        la    shape     be    foss  lized 
ft  Ctplta  a  p      and        ftnteno    portion 
irbile  iti  b  e  auda      eg    n  occura 

[    view.    No  o  b      are  d  s  ngn  ebable. 
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of  pairad  fiD§.  The  heterooeroal  oandal  fin  ia  well  preaerrsd,  but 
tbera  ia  apparen  \y  no  dorsal  fin.  JAmarlda  is  a  nev  allied  genua, 
armonred  w  h  sma  1  sbarp  bo  ow,  oonioal  Hpines,  initead  of  tbe 
oonpantt  vely  lo  d  qaadrangula  tnberolei.  L.  horrida,  L.  apintdota, 
•■d  Z.  fptaoia  F  g  1  a  e  dut  ngniBhed,  the  last  with  tbe  dermal 
qnneleta  no   tin  form  n  e  ze 

A  lamarkable  new  genua  and  speoiee,  Atdaaapu  Uitdlata,  follows 
BncL  Tbe  remains  OQ  whioh  it  is  baaed  are  rather  fragmentary; 
but  Dr.  Traqnair  is  incliued  to  regard  the  organism  as  intermediato 
betweon  tbe  simplest  Heteroetraoi  and  the  OsteoBtraoi,  only  referring 
it  to  the  Utter  becanse  part  of  tbe  tiaene  of  ita  armour  exhibits  tma 
bone-oelli.  Tbe  general  form  of  tbe  body  is  apparently  as  in  the 
Ocelolepids,  but  the  dermal  oovering  ia  firont  consists  of  small 
polygonal  plates,  while  in  the  oandal  region  it  ia  ia  tbe  taim  ot 
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flat,  rhombio,  soalptared  soales.  The  orbits  seem  to  have  been 
dose  together  on  the  top  of  the  head,  as  in  Cephalaspis. 

A  new  order,  Anaspida,  is  established  to  contain  the  two  last 
and  perhaps  most  extraordinary  new  genera  treated  in  the  memoir. 
These  comprise  small,  laterally  oompressed  organisms,  without 
paired  fins,  but  with  a  single  small  dorsal  fin  and  a  well- developed 
heterooeroal  tail.  In  many  respeots  they  are  suggestive  of  Cephas 
laspts  and  its  allies,  but  there  is  no  continuous  head-shield,  and 
the  orbits  are  not  clearly  distinguishable  in  the  known  specimens. 
The  substance  of  the  armour  is  not  sufficiently  well  preserved  to 
furnish  satisfactory  sections  for  microscopical  examination.  BirJeenia, 
with  a  single  species,  B.  elegans,  is  the  first  genus  placed  here.  It 
is  completely  armoured  with  small  scutes  arranged  in  the  strange 
manner  indicated  in  Dr.  Traquair's  careful  restoration  (Fig.  2).  On 
the  side  apparently  of  the  back  of  the  head  there  is  an  oblique  series 
of  eight  small  round  holes,  which  look  like*  branchial  openings. 
The  flank-scales  of  the  trunk  are  disposed  chiefly  in  series  which 
incline  forwards  and  downwards,  not  backwards  and  downwards 
as  is  usual  in  fishes.  A  median  series  of  ventral  scutes  develops 
into  a  formidable  armour  of  spines  in  the  caudal  region.  The 
second  new  genus,  Lasanius,  with  two  species,  L.  problematiem 
(Fig.  3)  and  L.  artnatus,  is  considered  to  be  closely  related  to 
Birkenia,  differing  in  the  loss  of  all  the  dermal  armour  except 
a  few  anterior  flank-scales  and  the  median  ventral  row  of  spines. 

The  detailed  descriptions  of  these  organisms  are  illustrated  by 
a  beautiful  series  of  five  plates,  most  of  the  drawings  being  by 
Mr.  James  Green,  but  the  highly  magnified  details  and  critical 
points  by  the  author  himself. 

In  the  concluding  section  of  the  memoir,  which  is  a  general 
discussion  of  the  results.  Dr.  Traquair  gives  for  coniparison  a  brief 
description  of  the  hitherto  problematical  Lower  Devonian  genus 
Drepanaspis.  Its  main  features  are  illustrated  in  an  outline-sketch 
which  he  kindly  permits  to  be  reproduced  here  (Fig.  4).  In  shape 
it  resembles  Thelodus  and  Lanarkia,  but  it  is  covered  with  well- 
developed  plates  and  scales,  and  the  orbits  seem  to  have  been  placed 
laterally.  All  the  known  plates  of  Drepanaspis  are  too  much 
pyritized  for  microscopical  examination ;  but  Dr.  Traquair  has 
shown  that  the  other  Devonian  plates  named  Psammosteus  belong 
to  a  elosely  similar  animal,  and  these  contain  no  bone-cells.  The 
Drepanaspidsa  and  Psammosteidsa  are  therefore  placed  by  him  in 
the  Heterostraci. 

It  follows  from  these  researches  that  the  definition  of  the  order 
Heterostraci  must  now  be  slightly  modified.  We  must  admit  that 
the  armour  may  consist  either  of  separate  granules  (each  formed 
round  a  distinct  papilla),  or  these  granules  may  be  more  or  less 
fused  together  in  every  degree  from  small  polygonal  plates  to  great 
shields.  According  to  Dr.  Traquair  the  order  will  therefore  include 
the  known  families  of  GoBlolepidaa,  Psammosteidsa,  Drepanaspidaa, 
and  Pteraspidsa,  each  exhibiting  a  progressive  modification  over  the 
other  in  the  development  of  the  dermal  armour. 
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WliUe  the  original  oonoeptioii  of  the  Heterostntci  is  enlara^  in 
this  manner,  Atdaupit  seems  to  form  a  link  between  its  lowest 
family  (the  Coelolepids)  and  tlie  order  Osteostraoi.  Dr.  Traqnair 
points  out  that  the  shape  of  this  oiganism  is  like  that  of  Thelodia, 
while  its  polygonal  pl^es  and  scales  merely  lepreseot  gronps  of  the 
dermal  taberoles  of  the  latter  fneed  together  by  the  great  develop* 
meat  of  thdi  bases.    At  the  same  time  some  of  the  basal  layers  of 


Fio.  4.  —  Drepamupit  Oatimideiitmi;  Schliitei.  fiestored  ontline  of  tiie  dorsal 
aspect,  the  nuface  ornament  omitted,  and  the  tail  tinalsd  ronnd  w  u  to- 
Bbow  the  caudal  fin  in  profile,  e.,  central  plate ;  p.l,,  poetero-latenl  platen; 
r.,  nubal  platea ;  x.,  orbitaf 

the  plates  contain  distinot  hone-oells,  a  peonliarity  necessitating  the 
referenoo  of  Atelecupii  to  the  Osteostraoi.  Dr.  Traquair  is  therefore 
of  opinion  that  Cope  and  the  British  Uuaeum  Catalogue  are  oorreot 
in  regarding  the  Heteioatraoi  and  Osteostraoi  as  closely  related 
orders,  while  Professor  Lankester  is  no  longer  justified  in  main- 
taining that  "there  is  absolately  no  reason"  for  grouping  thenb 
teigvtber  beyond  that  tbey  "occur  in  the  same  rocks." 


SHuS 
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As  might  be  anticipated,  Dr.  Traquair  also  discusses  tho 
of  admitting  the  existence  of  the  sub-class  Ostracodermi, 
the  Heteroetraci  and  OsteoBtraoi  have  been  rereneil  b^  Cop*  tlld  tha 
Britisb  Muaeuiu  Catalogue.     He  oonoludea  that  no  more   """"" 
arrangement  can  be  suggested  at  present.     He  according 
it,  and  adds  the  new  order  Anaspida  to  include  the  Birkeiw 

The  moat  disappoinliug  feature  of  the  memoir  is,  that  it  _ 
no  new  facte  which  will  be  universally  regarded  ae  adTMuHns 
knowledge  of  the  affinitiea  of  the  Osti'aoodermi.  Dr.  'nnqwr  b' 
ver;  emphatic  in  his  refusal  to  believe  that  Ihey  are  "AgauHt*," 
Yer;  justifiably,  he  declares  that  he  has  no  faith  in  Btpttrc 
evidence.  He  must  have  some  positive  reason  before  he  out  idnlt 
that  theee  organisms  were  destitute  of  a  mandibular  arch  Mid  pilnd 
limbs.  On  the  other  hand,  he  thinks  his  new  dieoovetiw ^itf^ 
a  belief  that  the  Ostraoodemii  are  the  modified  desoendMltl  of  Ml 
earl;  group  of  Elasmobranchii.  He  "  prefers  to  oanAitt"  ths 
Ccelolepidce,  or  lowest  Ostracoderms,  "as  having  definltdj  ipHt 
off  from  the  [Elasmobranchii],  from  which  they  doubtless  orlgtuJlj 
came"  (p.  S44). 

Wlm,  bowmr,  the  argiPBatiti  for  this  new  iiitM^«t«tkni  «• 
donly  axHBined,  I  aMlohdn  tlutt  they  u*  found  tp  depend  jut 
m  mneb  on  negetm  erldaiOB  m  the  hypothedi  of  Oope.  So  ftr  m 
I  ndantmd  atm,  thn  an  bMed  on  two  piopodtiona —  (I)  that 
flw  Bhagrsen  of  the  Coelolapidsa  li  identioal  with  that  of  an 
Elasmobranoh,  and  (ii)  that  the  lappet-like  poetero-iateral  angles 
of  tho  anterior  broad  part  of  the  body  in  the  Coelolepidn, 
Drepanaapidfe,  and  Cepfaalaspid»  are  pectoral  fins. 

As  to  the  first  proposition,  I  think  there  is  justification  for 
asserting  that,  in  the  present  state  of  knowledge,  it  affords  no  snre 
proof  of  afGnity  between  the  Ostracoderms  and  the  Elasmobranchs. 
We  oannot  conceive  of  the  dermis  of  a  ohordate  animal  beginning  to 
aoqaire  superficial  calcified  hard  parts  by  any  other  process  than  by 
the  deposition  of  mineral  matter  round  papillte.  At  the  remote  period 
when  the  Chordata  were  first  beginning  to  develop  an  exoskeleton, 
it  is  extremely  probable  that  these  animals  were  already  well 
difierentiated ;  at  least,  we  oannot  explain  their  diversity  and  high 
grade  in  the  early  Devonian  period  unless  we  admit  this  probability. 
When  dealing  with  Silurian  fish-like  organisms,  therefore,  a  form 
■rmoored  mth  tubercles  of  dentine  does  not  necessarily  .belong  to 
010  Elasmohranohii ;  it  may  be  a  Chordate  animal  of  any  kind  jast 
banning  to  assume  a  protective  covering.  The  admitted  fact  that 
rinoo  early  CarhoQifeTons  times  an  exoskeleton  exclusively  of  dentinal 
tisMiea  has  persisted  only  in  Elasmobranohii  and  Chimnroidei,  is  no 
moof  th^  any  organism  similarly  armoured  in  the  strange  archaic 
Devonian  and  SUnrian  fannas  is  intimately  related  to  either  of 
these  snbKilasses. 

la  short,  if  Dr.  Traqoair  has  discovered  that  the  Coelolepidn  are 
doeely  related  to  the  Heterostraoi  proper  and  to  the  Osteostraci,  as 
■nemi  almost  certain,  I  maintain  that  he  has  not  helped  ns  towtuds 
forming  any  more  plaosible  tiuory  of  their  origin.    n.a  \iaa  mftife^^ 
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dealt  another  blow  at  the  old  Agassizian  oonception  of  the  importanoe 
of  dermal  struotareB  in  olassification.  He  has  shown  that '  plaoold 
scales '  are  as  of  little  value  for  taxonomic  purposes  in  the  Silurian 
and  Devonian  periods  as  are  'ganoid  scales'  in  the  Tertiary  and 
existing  faunas. 

Dr.  Traquair's  second  proposition  that  the  Coelolepid»  and  Drepan- 
i^pidsa  possess  pectoral  fins,  seems  to  me  to  be  much  more  absolutely 
an  hypothesis  than  my  contrary  assertion  that  Cephalaspis  is  destitute 
of  them.  So  far  as  I  understand,  not  a  single  specimen  of  Thelodus 
or  Lanarkia  shows  the  slightest  change  in  texture  or  arrangement 
of  its  armour  at  the  postero-lateral  angles  of  the  broad  part  of  the 
organism,  which  are  described  as  lappet-like  pectoral  fins.  There  is 
no  more  appearance  of  flexibility  here  than  along  any  other  border. 
Tliere  are  not  the  faintest  lines  of  demarcation  of  any  kind.  In  the 
remarkable  genus  Drepanaspis  the  angles  in  question  are  indeed 
strong  plates,  apparently  without  any  power  of  motion.  Nevertheless, 
Dr.  IVaquair  still  considers  them  as  pectoral  fins,  believing  them  to 
be  "  rendered  utterly  functionless  as  fins  by  being  enclosed  in  un- 
yielding bony  plates."  In  other  words,  a  motile  organ,  originally 
used  at  least  for  balancing,  if  not  for  progression,  is  assumed  to  have 
lost  its  function,  not  by  atrophy,  but  by  conversion  into  a  rigid 
structure  continuous  with  its  base  of  support — a  phenomenon  for 
which  I  have  tried  in  vain  to  find  a  parallel  in  the  animal  kingdom. 
Personally,  I  consider  it  is  less  hypothetical  to  believe  that  the 
postero-lateral  angles  in  question  are  not  homologous  with  the  flaps 
in  Cephalaspis,  but  with  the  hinder  end  of  the  branchial  chamber 
of  the  same.  Both  hypotheses  depend  on  negative  evidence,  but 
I  prefer  the  latter  as  most  reasonable. 

With  respect  to  the  flexible  flap  in  Cephalaspis,  which  I  regard  as 
opercular,  but  which  Dr.  Traquair  now  thinks  is  really  a  pectoral 
fin,  I  may  repeat  that  we  know  exactly  its  relationships.  The 
specimens  in  the  British  Museum  show  that  it  is  a  flexible  outgrowth 
from  the  hinder  margin  of  the  roof  (perhaps  more  accurately  the 
outer  and  partly  upper  wall)  of  the  branchial  chamber,  while  the 
external  outlet  of  this  chamber  is  clearly  a  large  oval  opening 
immediately  beneath  (within)  the  base  of  the  flap. 

In  conclusion,  I  therefore  believe  that  Dr.  Traquair's  hypothesis 
of  the  derivation  of  the  Ostracodermi  from  an  early  race  of 
Elasmobranchs  with  a  mandibular  arch  and  paired  fins,  depends 
quite  as  much  on  negative  evidence  as  does  Cope's  theory  that  they 
are  far  more  primitive  and  best  termed  Agnatba.  I  still  maintain 
that  they  "  are  quite  of  a  problematical  character  " ;  but  of  the  two 
theories  proposed  for  their  interpretation,  I  think  that  of  Cope  is,  for 
the  present,  the  less  beset  with  difficulties. 

A.  Smith  Woodwabd. 
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DXB    19    Jahbhumdvrts.      Yon    Earl    Alfred    ton    Zittkl. 
(B.  Oldenbourg :  Miinchen  o.  Lieipzig,  1899.) 

HiSTOBT   OF   GbOLOGT  AND   PaLJBONTOLOGT   UP  TO   THE   END  OF   THE 

NiKKTSEKTH  CsNTURT.  By  Eabl  Alfred  VON  ZiTTEL.  Demy 
8to  ;  pp.  vii  and  868. 
fllHIS  Tolame  forms  one  of  a  series  of  histories  of  soienoe  in 
JL  Germany  in  recent  times,  issued,  under  the  patronage  of  the 
King  of  Bavaria,  by  the  Royal  Academy  of  Sciences  at  Munich. 
Its  preparation  had  at  first  been  entrusted  to  the  late  Professor  Ewald 
of  Berlin,  but  it  remained  unfinished  at  the  time  of  his  death,  and, 
in  acoordance  with  the  terms  of  his  will,  the  incomplete  MS.,  with 
hia  other  papers,  was  destroyed.  The  task  was  then  undertaken 
by  Professor  von  Zittel,  and  the  contents  of  this  volume  prove  that 
it  oonld  not  have  been  allotted  to  abler  hands.  The  work  was 
intended  originally  to  be  limited  to  a  history  of  geology  in  Germany 
only,  but  the  author  enlarged  the  plan  so  that  it  should  include 
«  history  of  the  science  generally,  aud  present  a  faithful  picture  of 
the  Buooessive  stages  in  ita  development  wherever  they  may  have 
ocoorred.  Whilst  it  may  be  true  that  the  German  literature  on  the 
anbjeot  has  been,  in  some  parts,  referred  to  with  greater  fulness  than 
that  from  other  countries,  no  important  contribution  from  other 
sources  has  been  overlooked,  and  the  author's  comments  and 
criticisms  on  the  writings  and  achievements  of  past  and  present 
geologists  are  marked  by  the  strictest  judicial  impartiality.  With 
respect  to  subjects  which  are  still  matters  of  controversy,  the  author 
takes  a  neutral  position,  and  contents  himself  with  a  plain  statement 
of  facts  and  opinions  relating  to  the  particular  questions  in  dispute. 

The  History  is  treated  under  four  periods  of  very  inequal  length 
and  interest :  Ist,  the  geological  knowledge  of  the  ancients ;  2nd, 
the  early  stages  of  palaeontology  and  geology  ;  3rd,  the  heroic  age  of 
geology,  from  1790  to  18:^0;  and  4th,  the  later  development  of 
geology  and  palaeontology. 

With  respect  to  the  first  period,  that  of  the  geological  knowledge 
of  the  ancients,  the  author  shows  that  whilst  facts  relating  to  the 
science  were  of  a  limited  character,  hypotheses  on  the  origin  and 
development  of  the  earth  were  plentiful  enough.  If  any  of  these 
latter  have  perchance  been  found  conformable  to  modern  views,  it  is 
due  to  their  being  lucky  speculations  rather  than  theories  based  on 
observation.  At  the  same  time,  some  of  the  observations  made  at 
this  period  on  earthquakes,  volcanoes,  changes  of  level  of  the  earth's 
surface,  and  on  the  action  of  water,  are  not  without  importance. 

Neither  does  the  second  period,  which  includes  from  about  800  a.d. 
to  the  close  of  Buffon*s  career  in  1788,  present  us  with  any  solid  or 
striking  advance  in  geological  science.  We  find  that  fossils  aroused 
the  attention  and  curiosity  of  many  of  the  learned  in  different  parts 
of  Europe  during  the  fifteenth  to  the  seventeenth  centuries,  and 
many  were  figured  with  remarkable  fidelity  in  the  works  of  Lister, 
Lang,   and    Knorr   and    Walch ;    but   their   real   characl^i^  vj^x^ 
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unrecognized  and  they  were  attributed  to  a  certain '  vis  plastica/  and 
considered  to  haye  been  directly  produced  in  the  ground  where  they 
were  met  with.  Even  when  they  were  seen  to  be  the  remains  of 
extinct  animals,  they  were  supposed  to  have  reached  their  position 
in  the  rooks  through  the  action  of  Noah's  Deluge  I  The  palssontology 
of  this  period  did  not  advance  beyond  dry,  detailed  descriptions  of 
fossils,  with  fantastic  speculations  as  to  their  origin,  and  their  relation 
to  the  sacred  scriptures. 

Amongst  the  writers  of  this  period  whose  observations  of 
geological  facts  and  whose  views  of  the  origin  and  history  of 
the  earth  are  placed  before  us  by  the  author,  we  find  the  names 
of  Leonardo  da  Yinci,  Giordano  Bruno,  Nicholas  Steno,  Burnet, 
John  Woodward,  Scheuchzer,  John  Ray,  Charpentier,  and  Guettard ; 
whilst  amongst  those  distinguished  for  their  observations  on  volcanoes 
and  earthquakes  occur  the  names  of  Delia  Torre,  Desmarest,  Sir  W. 
Hamilton,  and  Faujas  de  St.  Fond. 

In  the  concluding  part  of  the  chapter  on  this  period  a  summary  of 
the  views  of  Buffon  on  the  theory  of  the  earth  is  given,  with  an 
appreciative  reference  to  the  position  which  this  great  French 
philosopher  occupies  in  geological  history.  As  an  original 
investigator  and  observer  his  claims  were  limited,  but  he  under- 
stood the  significance  of  facts,  and  possessed  a  marvellous  capacity 
of  marshalling  them  in  support  of  his  theories.  He  was  incontest- 
ably  the  most  genial  representative  of  that  speculative  movement, 
held  in  high  repute  in  the  sixteenth,  seventeenth,  and  eighteenth 
centuries,  which  set  itself  to  solve  its  problems  in  a  deductive  way. 
With  Bufibn  there  closed  a  period  which  had  indeed  gathered 
together  a  large  store  of  materials  needful  for  the  earth's  history, 
and  had  moreover  arrived  at  the  conviction  that  the  data  for 
that  history  might  be  obtained  from  the  earth  itself.  But  the 
key  for  the  determination  of  a  chronological  succession  of  events 
on  our  planet  had  not  as  yet  been  discovered,  no  satisfactory 
insight  as  to  the  composition  and  building  up  of  the  earth's  crust 
had  been  obtained,  nor  of  a  regular  succession  of  the  fossil  remains 
found  within  it 

With  the  third  period  of  the  heroic  age  of  geology,  placed  by 
the  author  in  the  thirty  years  from  1790  to  1820,  there  commences 
an  epoch  when  facts  were  recognized  and  sought  after  as  the  only 
sure  foundation  for  theory,  and  a  corresponding  appreciation  was 
placed  on  the  investigation  and  description  of  the  phenomena  of 
the  earth's  crust  which  are  within  the  limits  of  human  observation. 
Amongst  the  imposing  host  of  geologists  of  this  period  whose  works 
are  passed  under  review  occur  the  names  of  Werner,  Pallas,  Saussnre, 
Hutton,  Playfair,  William  Smith,  Leopold  von  Buch,  Alexander  von 
Humboldt,  Alex.  Brongniart,  and  Guvier.  Perhaps  the  most 
conspicuous  amongst  his  contemporaries  is  the  celebrated  Freiberg 
Professor,  A.  G.  Werner,  of  whose  teachings  and  of  the  wonderful 
influence  which  he  exercised  on  his  students  a  very  graphic  account 
is  given  by  the  author.  It  is  difficult  to  realize  at  the  present  day 
that  the  teaching  of  Werner  that  all  the  rocks  of  the  earth's  orusi 
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had  been  prodaoed  aa  obemicHl  or  maduirioKl  dapoaito  frtHn  a  witoy^ 
solution  8boiild  have  been  ao  finalj  DMfaitiiiwd  ud  ■tmnionalr 
defended,  and  that  it  waa  only  otwuiowb  kfter  a  leagtheirtd  period 

of  violent  controverey. 

But  wbiht  Werner,  witb  a  renown  ■Ma  to  tiutt  of  •  pnq>h«t,  had 
drawn  to  liimBeir  a  sobool  of  ardsat  diae^laa  from  all  oiTiliMd 
countries,  a  simple  teacher  in  Saottand,  Jaawa  HsttOD,  waa  pnparing 
his  work  on  "Tbe  Theory  of  the  Bartb,"  -whUti  waa  deatimd  to 
exercise  a  powerful  inSaeooe  on  modem  gwlcny  long  after  the 
NeptaniEi  theory  of  Weroer  had  exploded.  Im  great  awrit  of 
HotloD,  as  the  autbor  points  out,  b  ttiat  be  baaed  bia  oondnaknu 
on  indactions  from  previuualy  obaemd  bota,  and  explained  tbe 
phenomena  by  the  action  of  foiwa  atOl  In  OfUwUoa,  ao  UWt  be  had 
no  need  to  call  in  the  aid  of  supemataral  or  tmagjnaiy  powete.  Ae 
is  well  known,  many  of  Button**  idaaa  were  more  fnUj  expanded 
by  subsequent  authoro,  notably  hf  Sir  Obarlee  Ijell,  utd  uierebj 
the  credit  juatly  due  to  him  baa,  in  ft  maaanre,  been  attributed 
to  others. 

To  tbe  genius  of  another  of  onr  ooontnmen  of  this  epoob, 
William  Smith,  is  due  the  discorerj  of  the  leading  prinoiple  thai 
the  succession  of  tbe  rocks  mny  be  known  by  their  inoloded  foaiila. 
A  sympathetic  account  of  William  Smith's  work  is  given  by  the 
author,  with  an  able  summary  of  hie  ohanwter  in  ue  following 
terms: — "William  Smith  was  Gelf-edQoated.a  man  of  rare  originality 
and  nnusual  penetration.  Without  academic  trainiog,  without  any 
gnidanoe,  without  any  material  support,  and  at  the  beginning 
without  even  encouragement  from  bis  contemporaries,  be  succeeded 
by  bis  tenacious  perseverauoe  in  traciog  out  the  geologioal  structure 
of  England  in  ao  clear  a  manner  that  subsequent  investigation  baa 
not  made  any  important  change  in  the  groundwork  he  laid  down. 
Smith  limited  himself  to  the  practical  study  of  the  geology  of  his 
native  land,  and  abstained  from  all  general  speculations  on  the 
origin  and  history  of  the  earth.  On  his  work,  thus  wiaely  limited, 
reats  his  greatness,  and  to  it  this  modest,  unselfish,  and  opeu-bearted 
observer  owes  the  well-deserved  appellation  of  Father  of  English 
Geology." 

llie  position  ooonpied  by  geology  in  the  principal  countries  of 
Enrope  during  this  heroic  period,  and  the  lines  of  investigatiou 
followed  by  tbe  leaders  of  the  science  in  each,  are  passed  under 
review :  the  various  textbooks  on  geology  and  geognosy  published 
in  diis  interval  are  noticed  aa  coutrastiog  favourably  by  their  sober, 
preotical  treatment  of  tbe  subject  with  the  more  speculative  works  of 
tbe  preceding  epoch,  and  sketohea  are  given  of  the  advances  made 
in  the  study  of  petrology  and  paleeontology.  Owing  to  the  great 
influence  of  Werner's  teaching,  which  did  not  take  much  acoount  of 
foaaila,  their  study  did  not  take  so  high  a  position  during  this  period 
aa  that  of  petrology.  The  great  French  anatomist,  Cuvier,  however, 
dwelt  much  on  the  importance  of  fossil  organiams  in  the  atudy  of 
the  earth's  history  in  general,  and  of  organic  life  specially.  In  tho 
wann  ealt^uui  pronounced  on  him  by  Von  Zittel  i\  \a  ^mtei  o\i^ 
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that  his  merit  dhiefly  rests  on  his  aohieTements  in  Tertebnte 
)>al8Bontology,  in  establishing  a  sdentifio  method  in  the  nomen- 
clatare  of  fossil  osteology,  and  in  the  oonTincing  proof  which  he 
gave  that  fossil  mammals  belonged  to  extinct  genera  and  species 
and  that  they  oould  not  be  regarded  as  mere  Tarieties  of  forms  now 
living.  At  the  same  time  he  maintained  the  unohangeablenees  of 
species,  and  denied  that  there  was  any  genetic  connection  between 
the  earlier  forms  of  organic  life  and  the  present  ones.  It  mast  be 
confessed  that  on  some  points  he  stood  at  a  lower  level  of  knowledge 
than  his  contemporaries,  and  that  some  of  his  theoretical  conclosions 
tended  to  hinder  rather  than  forward  the  advance  of  geology. 

The  author's  fourth  period  —  the  more  recent  development  of 
geology  and  paladontology,  from  1820  to  the  present  time — is  treated 
at  great  length,  and  occupies  about  three-fourths  of  the  volume. 
After  the  close  of  the  last  epoch,  which  might  well  be  termed  the 
spring-time  of  the  science,  geology  entered  on  a  new  phase.  Its 
position  as  not  the  least  important  of  the  natural  sciences  had  been 
established,  and  in  most  of  the  great  centres  of  academical  learning 
courses  of  study  were  founded  and  collections  of  rocks  and  fossils 
made  for  teaching  its  principles.  The  period  for  great  discoveries 
had  passed ;  hasty  and  superficial  observations  and  wide  generalisa- 
tions were  replaced  by  deeper  and  more  detailed  investigation,  lees 
brilliant  perhaps,  but  more  permanent  in  its  results.  The  list  of 
eminent  professors  and  teachers  of  geology  in  the  Universities  of 
Germany  during  this  recent  period  indicates  the  high  importance 
attached  to  the  science  in  that  country,  in  a  measure  greater  than 
that  shown  in  the  corresponding  institutions  in  England  and  in 
France. 

The  value  of  geology  in  many  departments  of  practical  life,  such 
as  mining,  agriculture,  building,  etc.,  was  not  long  hidden  from 
Government  authorities,  and  led  to  the  establishment  of  official 
Geological  Surveys  for  the  purpose  of  investigating  and  mapping 
the  geological  structure  of  their  respective  countries.  The  first  to 
be  founded  was  that  of  the  Geological  Survey  of  the  United  Kingdom 
in  1835,  and  since  then  Government  Surveys  with  a  similar  object 
have  been  formed  in  nearly  every  State  in  the  civilized  world. 
A  further  notable  impulse  to  the  study  of  geology  in  recent  times 
has  been  derived  from  the  societies  and  associations  for  the 
encouragement  of  independent  researches  in  the  science  which  have 
sprung  up  in  different  countries. 

The  wide  field  for  observation  presented  by  the  diverse  aspects 
of  geology  in  its  later  developments,  and  the  vast  store  of  materials 
collected  from  so  many  varied  sources,  naturally  led  to  a  division  of 
labour  amongst  the  workers,  and  hence  the  science  became  divided 
up  into  a  series  of  special  departments,  more  or  less  intimately 
linked  to  each  other  and  to  the  sister  sciences,  though  often  differing 
materially  from  each  other  in  their  mode  of  working.  It  was  there- 
fore impossible  to  treat  the  recent  development  of  geology  as  a  whole, 
and  the  author  has  consequently  given  us  a  history  of  the  origin,  the 
^rrowth^  and  the  present  position  of  each  of  the  separate  branches  of 
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the  scienoe,  whiob  are  referred  to  in  as  many  chapters  under  the 
headings  of  Cosmioal,  Physiofpraphical,  Dynamical,  and  Topographical 
Geology,  Stratigraphy,  and  Petrography.  It  would  be  beyond  our 
province  to  refer  to  the  numerous  points  of  importance  in  each  of 
these  subjects,  which  have  been  so  thoroughly  and  lucidly  stated  by 
the  author ;  their  intimate  connection  with  the  present  generation  of 
geologists  will  cause  them  to  be  scanned  with  the  liveliest  interest. 

In  the  concluding  chapter,  PalsBontology,  the  science  with  which 
Yon  ZitteFs  name  will  ever  he  associated,  is  treated  in  a  somewhat 
oondensed  form,  and  consists  chiefly  of  short  references  to  the 
principal  groups  of  fossil  organisms  and  to  the  authors  and  works 
in  which  they  have  been  described.  It  would  almost  seem  as  if  the 
author's  vast  knowledge  of  the  subject  had  restrained  him  from 
venturing  into  details  which  might  have  proved  overwhelming. 

We  cannot  finish  this  short  notice  without  expressing  our  high 
opinion  of  the  value  of  this  work  to  all  geologists  and  to  others 
interested  in  the  science  of  geology  who  desire  to  be  acquainted  with 
its  early  history  and  the  various  stages  it  has  passed  through  in  the 
course  of  its  growth  up  to  the  present  time.  The  author  is  heartily 
to  be  congratulated  on  having  successfully  carried  out  this  arduous 
undertaking,  the  character  of  which  can  only  be  appreciated  by  those 
who  have  some  knowledge  of  the  enormous  literature  which  has  to 
be  studied  and  digested  for  its  preparation. 


III. — Indian  Geology. 

1.  Memoirs   of   trk    Geological   Survey    of    India,    vol.    xxv : 

Geology  of  Bellary  District,  Madras  Presidency.  By  K.  Bruce 
FooTE,  F.G.S.,  F.M.U.  Superintendent,  Geological  Survey  of 
India.  8vo  ;  pp.  xviii  and  218  (1895),  with  a  folding  geologically 
coloured  map  of  the  Bellary  District  (October,  1896).  (Calcutta, 
1897.) 

2.  The  Geology  of  Bauoda  State.     By  R.  Bruce  Foots,  F.G  S., 

C.F.E.G.S.,  Geological  Survey  of  India  (retired),  and  lately 
State  Geologist,  Baroda.  Published  by  order  of  II.H.  the 
Gaekwar.  8vo;  pp.  x  and  194,  with  3  folding  maps  (1897-98j. 
Received  December,  1899.     (Madras,  1898.) 

THE  author  of  these  memoirs  is  one  of  the  oldest  and  most 
experienced  members  of  the  Geological  Survey  of  India,  and 
although  he  has  retired  some  time  from  the  stall",  he  has  remained 
resident  in  India,^  He  has  just  sent  us  a  copy  of  his  memoir 
on  the  Geology  of  the  Bellary  District  in  the  Madras  Presidency, 
being  the  last  piece  of  his  oflScial  survey  work,  done  some  time 
since.  The  map  which  accompanies  this  memoir  is  a  good  specimen 
of  modem  chromolithography,  well  and  clearly  printed  in  colours, 
which  define  alluvium,  laterite-breccia,  the  Dharwar  System  and 
haematites,  the  granitoids  and  gneisses,  the  steatite  beds,  granite 
veins,  trap-dykes,  crystalline  limestones,  etc. 

*  Undertaking  the  Geology  of  Baroda  and  of  Mysore  States  for  their  respective 
native  Govemments. 
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Bellary  Distriot  lies  between  Haidarabad  on  the  north,  Mj^aora 
on  the  weat  and  south,  and  Anantapar  on  the  east  It  forms  the 
western  division  of  the  Ceded  IKstriots  (so-called  because  ceded  by 
the  Nizam  by  treaty  in  1800  to  the  East  India  Company) ;  it  liea  in 
the  centre  of  the  Deooan  tableland,  and  has  an  area  of  5,904  square 
miles.  Nearly  the  whole  area  has  a  funeral  slope  to  the  northward, 
and  is  drained  by  the  Tungabhadra  BiTcr.  Thirty-one  hills  are  cited 
by  the  author  having  altitudes  varying  from  1,674  feet  to  8,285  feet 

The  rocks  of  the  district  are  arranged  in  four  principal  groups — 

lY.  Rbcbkt  and       /  Subaerial.  —  Talus    fonnatioiL       Cemented    Tahnes. 
Post-Te&tia&t.  1      Pseudo  -  Ltteritic    Breccias.        Kankar   formataons. 

1     Blown  sands.    Begur.    Bed  smls.    Mixed  and  white 
\     soils. 
^lUtrial, — Modem  Alluvial  deposits  (loams  and  shingle 
beds)  of  the  Tungabhadra  and  its  tnbutaries.    Foaim- 
ferous  Travertine.      Consolidated  shingles.      High- 
level  gravels  (old  alluvium)  of   the   Tungabha&u 
Shing&  fans. 
III.  Tebtiart  (?).         Terrace  Laierite. 

II.  LowitB,  (  Dhancar  System, — Principal  metalliferous  rocks  of  South 

Transition.       (     India. 
6  1     I.  AncuiBAN  or     \ 

o  I         Mbtamorphic    2  Oranitoids  and  gneisses  with  associated  traps,  etc. 
•<  (         AND  Plutonic.  ) 

The  Archeean  rocks,  which  form  the  fundamental  series  in  the 
peninsula,  are  very  largely  developed  in  the  Bellary  District,  and 
occupy  fully  five-sixths  of  its  area.  Their  extent  alone,  therefore, 
renders  them  the  most  important  geological  series  to  he  treated  of; 
they  are  deserving  of  much  interest,  and  of  far  closer  study  than 
could  be  bestowed  upon  them,  because  of  their  general  poverty 
in  minerals  of  economic  importance,  to  the  quest  fbr  which  much 
more  time  had  to  be  devoted. 

Taking  the  district  ss  a  whole,  it  must  be  described  as  consisting 
mainly  of  granitoid  rocks,  generally  of  porphyritic  character,  the 
metamorphic  or  gneissic  crystallines  playing  a  very  subordinate 
part  in  most  places,  though  of  such  great  importance  in  other  parts 
of  the  Madras  Presidency. 

The  description  of  the  Archsaan  or  metamorphic  rocks  occupies 
the  whole  of  chapter  iv,  pp.  26-73. 

**  Very  marked  and  interesting  illustrations  of  the  power  of 
weather-action  along  lines  of  jointing  are  to  be  seen  on  the  top  of 
the  Fort  Hill  in  the  shape  of  water-holes  which  have  been  utilized 
as  cisterns.  In  every  case  the  weathering  has  worked  along  lines 
of  jointing  and  produced  the  remarkable  holes  which  are  so  useful 
in  holding  rain-water,  and  of  which  the  native  builders  availed 
themselves  so  fully  by  increasing  the  water-holding  capacity  by  dams. 

'*  Some  people  seem  to  think  the  constant  supply  of  water  in  these 
holes  a  rather  mysterious  phenomenon,  whereas  it  is  in  reality  a  very 
simple  one.  The  several  catchment-areas  which  supply  the  holes 
are  more  than  large  enough  to  fill  them  in  good  rainy  seasons,  and 
the  larger  holes  are  so  deep  that  their  stock  of  water  cannot  evaporate 
more  than  partially  before  they  get  a  fresh  supply  from  the  skies,  and 
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I  thai  ib»y  never  run  dry  ia  a  normal  sucoessIoA  of  MMOBt.    Titan 
is,  then,  no  need  to  appeal  to  occult  cause 
action,  pretture    dtrivtd  from  the   copper 
aypbont  connected   teith   mytierioni   leater  ttorel  «l  t 
gDoHncBS  knows  where  !"     {p.  58.) 

Tbe  lower  Transition  or  Dliitrwar  Rooka.  a  gmt  ■Jitaill  of  nil>> 
metkniorphio   sedimentary   rocks    with    nuraerona  OOatonponaMNU 
■    •      "  "  -inot  from  tiM 


trap-Sows,    was  first  recognized    by    Foote  ai  I 
South  Indian  gnei§s ;    these  rocks  were   origiulljr  dqmitod  < 
vei7    much    larger  areas  than   those    they  notr  oooopj,  ud  mj 
probably  extended  across  the  whole  or  nearly  ttw  whob  ptfainU 

The  Dbarwar  System  was  exposed  to  great  confantloo  and  daftrma 
tion  at  a  very  remote  geologiciil  perioil,  Tollowed  hj  nat  daondatbMi 
which  eroded  and  out  up  the  eoormaus  folds,  tl^  wUah  tlugr  had 
been  previously  forced,  into  the  great  bands  in  wUdi  Ihaj  now 
ooonr.  These  transition  rooks  are  riohly  interlieddad  wilb  boida  of 
hematite,  giving  them  great  stability  and  resistaaoa  to  daandatlon, 
■0  that  they  now  form  most  of  the  hilly  oountiy  of  Uw  dUtllob 
Xany  illustrations  and  geological  sections  acoMnpiuij  tttia  ohaptor, 
pp.  74^-175.  These  are  followed  by  the  intnWTS  noka  in  tho 
Archfean  area,  the  Laterile  terraces,  the  allnnal  dqxiaiti,  tho 
mbaerial  formations,  and  ecoDomio  geology.  Under  thia  bat 
beading  we  find  that  iron,  manganese,  gold,  and  0^P«>^  <U«  met 
with,  the  iron  alone  occurring  in  any  quantify,  ^ers  an  alio 
excellent   building  stones. 

The  last  chapter  ia  devoted  to  prehistoric  eoonomio  geology,  and 
dMorihes  the  various  implements  met  with  of  Pal»olithio  and 
Neoltthio  age  down  to  iron  axes  closely  imitating  polished  stone 
implements  in  form. 

2.  Baroda  State.  —  Mr.  Bmce  Foote  introduces  bis  memoir  on 
Baroda  as  follows: — "The  duty  of  making  a  geological  survey  of 
the  Baroda  State  was  entrusted  to  me  early  in  October,  1891,  and 
ooonpied  the  working  seasons  of  1892,  1898,  and  1894.  During 
tboee  three  years  I  visited  carefully  and  examined  olosely  all  the 
important  mineral  regions  lying  within  the  limits  of  the  Stats,  both 
io  Qajarat  and  Kathiawar.  The  completion  of  this  memoir  baa  been 
delayed  partly  by  personal  ill-health  and  bj  difficulties  connected 
with  the  preparation  of  the  maps  and  plates  reqaisite  to  illustrate 
the  memoir,  Uie  work  required  being  of  such  a  nature  that  all  the 
moat  important  parts  had  to  be  done  by  myself,  and  did  not  admit 
of  my  being  appreciably  assisted  by  anyone  else." 

The  Qnjarat  divisions  of  Baroda  are  separated  from  each  other  by 
intamlated  parts  of  British  territory  belonging  to  the  districts  of 
Sont,  Broach,  Eaira,  and  Ahmedabad,  and  Sie  political  agennes  of 
Bewakants,  Panoh  Mahals,  and  Mahikanta. 

Tho  Boatbem  half  of  the  Baroda  territory  lies  about  ten  miles 
inland  from  the  Gulf  of  Cambay,  exoept  in  the  Nansari  taluq 
bstween  Uindbola  and  Pnma  Rivers,  where  the  Baroda  territoiy 
tenna  the  seaboard;   but  the  State  possesses  no  seaport  of  an^ 
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Taloe,  whfla^  owing  to  the  nldng  vp  of  the  eetnaries  of  the  great 
riven,  no  craft  of  anj  size  oen  aeeend  to  mnj  point  within  the  State 
hoondariee. 

The  northern  half  of  the  Sute  liee  entiielj  inland  along  the 
▼alleys  of  Hahi,  SaharmatL  and  Saiasrad  Birers. 

The  drainage  of  the  Gujarat  diTisions  of  Baroda  State  all  falls 
westward  into  the  Arabian  Sea.  and,  excepting  that  of  the  most 
northerly  taloqa,  which  are  drained  by  the  Banass  and  Saraswati 
Bivera  into  the  Bonn  of  Kach,  falls  into  the  Golf  of  Cambay,  which 
recelTes  sach  a  vast  amoant  of  till  bronght  down  by  thua  larger 
riven  that  it  is  rapidly  being  silted  up.  as  shown  by  the  present 
condition  of  the  harboura  of  Sunt.  Broach,  and  Cambay.  Not  two 
centuries  ago  the  seaports  were  visited  by  fleets  of  shipping  of  the 
ordinary  size  of  the  tradera  of  those  days.  Now  they  are  with 
difficulty  reached  by  vessels  of  as  low  a  tonnage  as  about  30  tons. 

The  succession  of  the  rocks  met  with  in  the  Gujarat  divisions  of 
Baroda  State  are  referable  to  the  following  groups,  which  are  here 
arranged  in  descending  order : — 

YL  Beeent  (b)  Sabaerial  Formatiinu. — Blown  sands;  soils;  the 
great  blown  loam  or  *  Loess '  formation  ;  fluviatile  and 
marine  alluvia. 

(a)  Old  Alluvia  of  the  Great  Bivers. — Consolidated  grits 
and  ferruginous  gravels  of  the  Sabarmati,  Mahi,  and  Tapti 
Quaternary  deposits. 

y.  The  Eocene  {Nummuliiic)  System, — Clays,  cement-stones,  lime- 
stones, conglomerates,  and  laterites  of  the  Kim  and  Tapti 
Valleys.  Laterites  and  sandstones  of  the  Sabarmati  Valley. 
Laterites  of  Puma  and  Ambika  Vallevs. 

IV.  TJie  Deeean  Trap  (Cretaceous)  and  Intertrappean  Bochs. — Traps 
and  intertrappean  rocks  of  the  Mohar  Valley  (Atareumba). 
Traps  and  intertrappean  rocks  of  the  Mahi  Valley  (Sauli 
taluq).  Intertrappean  rocks  in  the  VisbwamitrL  Traps  in 
the  Dev  Biver.  Traps  in  the  valley  of  the  Heran.  Spun  of 
the  Bajpipla  Hills  north  of  the  Tapti.  Spun  of  the  Sahyadri 
range  south  of  the  Tapti.  Dykes  traveraing  the  souUiem 
trap  area. 

III.  The  Bagh  Series. — Songir  conglomerates  and  sandstones  in 
Sankbeda  taluq,  and  conglomerates  and  limestones  in  Sauli 
taluq. 

II.  The  Champanir  System. — Quartzites  forming  the  hills  north  of 
the  Orsang  Biver.  Quartzites,  limestones,  calcareous  schists, 
clay  schists,  and  slates  in  the  valley  of  Heran  and  Aswan 
Bivers. 

I.  The  Archaan  Bocks. — Granite  with  pegmatite  veins  of  the  Upper 
Sdbarmati  Valleys.  Granites,  gneisses,  and  crystalline  Iime> 
stones  of  the  Orsang  and  Unch  Valleys,  S^kheda  taluq. 
Intrusive  rocks,  pegmatites,  quartz  reefs,  and  trap-dykes. 

Although  so  much  of  the  country  is  masked  by  deep  ooTerings 

of  alluvium,  of  sand,  loess,  and  other  late  deposits,  the  Eocene 

(Nammnlitio)  Sjatem,  where  it  ooours,  yields  some  fossils  which 


been  identi6ed  hy  StoliOTka  aa — BotUUana  PrettwIeM  ;  T«re- 
htUma ;  Ctrithitan ;  Cgpraa  elegant ;  Natieu  longitpira  ;  Connt,  Rp. ; 
Trodtuf,  sp.  ;  Pholai,  ap. ;  Peelat  Hopkiiiti ;  P.  Favrei ;  P.  eorueuB : 
Yult^la  legiitMH ;  Oilrea  Flemmgit  ■  0.  Ungura,  etc. ;  SwnnmUtet 
ffrforata  ;   N.  Brmigniarti ;   N.  ixpontni ;  and  N.  spira. 

t7i)d«r  ths  head  of  Eoonomio  Geology,  the  author  pmDts  to  one 
MrioiiH  dranbaok  to  the  development  of  the  country,  nniiiely,  the 
want  of  rofulK.  Owiof;  to  the  want  of  noDStvuotion  theae  lines  ef 
woiild-be  traffic  are  during  Ibe  rains  totally  inijiafiBable,  distriolii  are 
entirely  isolaled  from  one  another,  aad  travelling  becomen  imposiible. 
Id  dry  weather  the  mud  is  exohnaged  for  deep  riiU  and  lufTocating 
oloiids  of  dust.  Tlie  tangn  frequently  Binkn  up  lu  the  axle-tres.  Iron  > 
lod  iron-ores  are  fairly  abundant :  gold  al«u  is  m<-t  with,  hut  in  very 
■mall  quantity.  Building  material  can  be  obtained  readily  within 
a  reasonable  depth  below  the  surface  in  the  weatarn  taluqs  of  the 
Esri  and  Baroda  Prauts. 

Part  II  ia  devoted  to  a  sketch  of  the  geology  of  the  Gaekwari 
Sistricta  in  th<-  Kathiawar  Peninsula.  This  area  is  about  1,320 
•qaare  miles  in  extent,  and  largely  oooupied  by  rolling  plains,  which 
ua  rale  are  treeless  and  cheerleaa  in  aspect.  The  Gir  forest  is  billy, 
and  is  the  last  refuge  of  the  Gujarat  lion,  now  reduced  to  about  forty 
iudit-i  duals. 

The  Buctiession  of  the  rooks  in  the  Kathiawar  Gaekwari  is 
limited  to — 

£1.  T».tu«T.     J  Q^j  j^ 
I.  CuTAOSons.     Daccui  Trap  SariM. 
The  only   eoonomio  prodoot  of  iniportaooe  here  seems  tfl  be  the 
bailding  stones,  prineipally  the  miliolite  or  Forbander  stone  largely 
yurried  at  Forbandar. 

It  is  quite  impossible  to  do  jnstioe  as  we  oonld  desire  to  this 
nloiU*  toamoir  in  the  space  at  our  oommand.  Three  larm  fol^g 
■MM  greatly  anist  tb»  oompreheusioa  of  the  regions  des(»ib«d. 

Bm^on*  ioteraated  in  Indian  geology  will  be  gratefol  to 
Kr.  Bnw  Foots  for  hi*  oontribntions  to  a  fuller  kaowledgs  of 
tbaa*  distriotit  which  he  has  bo  oarrfally  examined  and  reported 
fftm.  Wbat»*ar  Hr.  Bruoe  Foot*  goee  be  gathers  not  onlf 
|Mla|^oil  notM  bat  also  ethoologioal  treaaurea.  Ono  of  tkoM, 
«Uah  ba  figares  in.  thia  Tolum*  (pi.  t),  is  a  rode  FalaolitUo  aM 
boBk  tba  aUnnaaa  of  tba  Sabamaatl  River,  and  ia  vvtf  renwrkaWe 
>a.ibaf«,  not  ooHk*  aa  iro»  adae  in  form. 

IT.— CFnmA£  Bipokt  ok  thb. Work  oasSikd  oh  bt  ^bb  Qbolooioal 
SimTBT  or  Imdjl  wot  tbx  pkbiob  rsou  Afkii.  1,  1898,  to 
Hixoff  31,  1899.  Under  the  direotion  of  C  L.  ClaiBaBAOB, 
aZK,  T.Q.S.    I«rcp  I2iao ;  pp.  91.     (Caloutta,  1899.)' 

AMONQ  the  TMrieiu  matariala  of  this  fieport  tbaro  is  ntaob  iatM>eot 
,.  to  be  toaai  in  tba  "  Liats:  of  Asu^s  and  iSzaBHuatnaB  tAuAi 
ts  tba  iMfUaatoTj'  dnrini;  tb»  past  yasr  "  ({tj;).  3^0),  i'M'M.'n^  *te 
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aooonnt  of  a  Stony  Meteorite  (p.  2)  which  fell  at  Gkimbat  in  Sind, 
September  15th,  1897.  Dr.  A.  von  Eraaft  reports  on  the  Spit! 
fosails  (pp.  11-22),  collected  by  Hr.  H.  H.  Hayden,  whoae 
report  on  the  geology  of  Spiti  is  given  at  pp.  4.6-50.  Eoonomio 
iDquiries  by  the  Saryeyors,  beginning  with  the  diatribation  of 
mica  and  the  local  systems  of  mining,  were  made  under  the 
saperintendenoe  of  Hr.  T.  H.  Holland,  whose  mach  extended  issue 
of  the  late  Professor  Yal.  Ball's  acooant  of  Indian  Comndnm,  Buby, 
and  Sapphire,  from  Part  iii  of  the  "  Mannal  of  the  Geology 
of  India,"  1881,  was  published  in  1898.  A  preliminary  report  is 
giyen  at  pp.  28-33.  Mr.  La  Touche's  discovery  of  a  coal  area  in 
Bikanir  is  reported  (pp.  33-35)  as  being  likely  to  prove  very 
valuable.  Another  landslip  at  Naini  Tal  is  reported  at  p.  35. 
Geological  Surveys  have  been  carried  on  in  the  Central  Provinces, 
Central  India,  Western  Eajputana,  Himalayas,  and  Baluchistan,  with 
good  results,  often  of  much  interest.  A  list  of  additions  to  the 
Library  is  appended  as  usual.  T.  B.  J. 

y.  —  Thb  Paljcontoobaphioal  Sooiktt  of  London  :  Annual 
YoLUMB  (LIII)  FOB  1899.    Issued  December,  1899. 

rpHE  volume  issued  by  the  Society  for  the  year  1899  contains 
L     portions  of  four  monographs ;  two  of  these  are  devoted  to  the 
bivalved  Mollusca,  which,  by  the  way,  in  one  monograph  are  called 
Lamellibranchia  and  in  the  other  Lamellibranchiata. 

1.  A  Monograph  of  the  British  Palseozoic  Phyllopoda  (Phyllocarida), 
Packard.  By  Professor  T.  Rupert  Jones,  F.R.S.,  F.Q.S.,  etc, 
and  Dr.  Henry  Woodward,  F.R.S.,  F.G.S.,  etc.  Part  IV 
(Conclusion)  :  General  Title-page ;  pp.  i-xv,  175,  176  (re- 
printed), 177-211 ;  pis.  xxvi-xxxi. 

This  forms  the  concluding  portion  of  this  Monograph,  the  preceding 
parts  of  which  appeared  in  the  volumes  of  the  Palasontographical 
Society  for  the  years  1887,  1892,  and  1898.  The  study  of  the 
genus  Dithyrocaris,  which  was  commenced  in  part  iii,  is  continued 
and  concluded.  Two  new  species,  D.  Dunnii  and  D.  Neileani,  are 
described  from  tail-pieces;  the  former  upon  specimens  found  by 
Mr.  John  Dunn  in  the  Redesdale  Shales,  Northumberland,  the  latter 
upon  examples  in  Mr.  Neilson's  collection  from  East  Kilbride. 
A  new  genus,  Chanoearisy  is  proposed  to  include  McCoy's  Diihyro- 
carts  tenuisiriatus  from  the  Carboniferous  Limestone  of  Little  Island, 
Cork,  and  a  new  species  (C  Toungii)  founded  upon  a  specimen  from 
the  Upper  Limestone  group  of  the  Lower  Carboniferous  series  at 
Robroyston,  Lanarkshire.  For  the  unique  specimen  in  the  Museum 
of  the  Geological  Survey  of  Scotland  that  was  collected  from 
a  " '  greenish-grey '  (now  reddish),  flaggy,  calcareous  shale  of  the 
Lower  Red  Sandstone  series  at  the  Carmichael  Bum,  near  the 
Manse,  four  and  a  half  miles  south-east  of  Lanark,"  and  previously 
described  as  Dithyrocaris  striattu,  the  new  genus  CcUyptoearie  is 
proposed,  and  into  it  is  placed,  somewhat  doubtfully,  a  new  species 
((7.  ?  Bichteriana)  founded  upon  a  single  specimen  from  the  "Oypri- 
dinen-Schiefer"  (Entomis-shales),  at  Saalfeld,  Sachsen-Meiningen. 
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IWn  Mkm  deioriptiont  of  TigicwM  tril«pteeM  bdonging  to  the  g&uxm 
BUmneariB ;  aome  remftrks  upon  tbe  ■Iliad  genu  Meioihgra  firom 
te  DevaBian  ttrmte  of  North  Ameiioty  aad  ft  iioto  ap 
Jftifi^wiif  JoMki  from  the  Herovniiii  Lfmettoiie  in  the  Klottor- 
hoih»  nanr  IlMnbeig,  Harts,  whioh  uie  anthon  rafer  with  a  qoaiy  to 
fta  mamm  FhfehocarU.  Theia  ia  a  ahort  ohaptar  on  "  The  Gaiitrio 
Than  dilHO^roearU^  with  a  nambar  of  Uloatmtiona  of  thaaa  onriooa 
Hula  IbaailaL  Tha  part  oondodea  with  obaerrationa  on  ■*  Some  Alliea 
afmiifiyaaifa."  Thaaa  are — (i)  LAeuoMa  mmgmaUet^  a  new  gonna 
mi  apaoiaa  founded  upon  two  apedmena  which  were  oolleoted  by 
IL  nnl  Lebaaoonte,  of  Bennaa,  from  the  Lower  Silurian  rodka  of 
Irillany  and  neigfaboorhoody  whioh,  although  "  aomewhat  obaonra 
an  aaoonnt  of  imperfeotioii»  diatortion,  and  embedment^**  the  authora 
Miaiye  to  be  "  uie  relioa  of  aome  kind  of  UTAlTed  or  ahield-like 
TMIapod,  near  to  but  not  identioal  with  DUk^rocarW;  (ii) 
Maiaoarfff  aaaaZta,  a  new  form  from  the  **  Upper  Limeatone '' 
wiaa  at  Linn  Spout,  aonth-weat  of  Dairy,  twenty  mUea  aouth-weat 
of  Glaigow;  (iii)  JSRbh^Hia  aMmdan$t  already  deaoribed  and  figured 
by  the  anthora  in  the  GsoiiOOioal  Maqasimm  for  September,  1899. 

^  Hue  being  the  oonoluding  part  of  the  Monograph  there  are  varioua 
Brti^  aevenu  pagea  of  **  Addenda  et  Oorrumida^"  and  an  index  and 
gBnanl  title-page  to  the  whole  Tolume.  The  binder  ia  inatruoted  to 
"aoaaal  the  title-pagea  of  parta  i,  ii,  iii,  and  It  •  •  •  and  BwbMuU 
tba  general  title-page  gtren  in  the  volume  for  the  year  1899  " ;  but 
Uioogh  the  dates  of  the  several  parts  are  given,  aome  workers  may 
prefer  to  have  the  volume  bound  with  the  title-pages  of  the  several 
parta  in  position  as  issued.     We  shall  certainly  do  so  ourselves,    f 

2.  A  Monograph  of  the  Cretaoeous  Lamellibranchia  of  England. 
By  Henry  Woods,  M.A.,  St  John's  College,  Cambridge. 
Part  I :  Nuculanidso,  Nuculidao,  Anomiidas,  and  Aroidao. 
pp.  1-72 ;  pis.  i-xiv. 

Mr.  Woods  lias  already  devoted  muoh  attention  to  the  PalsBontology 
of  the  Invertebrata,  and  not  very  long  ago  contributed  to  the  Geo- 
iogioal  Society  of  London  an  important  paper  on  "  The  Mollusoa  of 
the  Chalk  Rnsk "  (Q. J.G.S.,  vol.  Iii,  1896.  pp.  68-98,  pis.  ii-iv ; 
ind  ibid.,  vol.  liii,  1897,  pp.  377-404,  pis.  xxvii  and  xxviii). 
Hr.  Woods  doubtless  found  the  nomenclature  of  the  Cretaoeous 
lamellibranchiata  in  a  sad  state  of  confusion,  and  this  may  have  led 
Um  to  commence  the  present  Monograph.  The  bad  state  of  pre- 
servation of  many  of  the  Chalk  Mollusca  renders  their  study 
txoeedingly  difficult ;  but  as  the  Chalk  is  now  attracting  the  special 
attention  of  not  a  few  geologists,  it  is  very  desirable  that  all  the 
Mollusca,  especially  the  Lamellibranchiata  and  the  Gasteropoda,  which 
bave  hitherto  been  in  a  very  unsatisfactory  state,  should  be  over- 
kioled,  and  the  nomenclature  corrected  as  far  as  possible.  Mr.  Woods' 
QKHiograph  appears,  therefore,  very  opportunely,  and  he  deserves  the 
hearty  thanks  of  all  for  undertaking  to  work  out  this  very  difficult 
gronp.  Aa  in  every  other  group,  many  species  have  been  very 
^iibrently  interpreted  by  different  authors ;  we  are  therefore  glad 
^  iiod  that  whenever  pOBsihle  the  type-apecimena  of  the  a^Q^\«a 
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have  been  examined,  for  very  often  this  it  the  only  way  to  arrWe  at 
a  satisfactory  conclusion. 

This  first  part  of  Mr.  Woods'  Monograph  deals  with  the 
NuculanidcB,  the  Nuculidao,  the  Anomiidce,  and  the  ArcidsB.  Tbe 
arrangement  of  the  species  of  each  genus  is  in  the  main  strati- 
graphical. 

The  Cretaceous  members  of  the  family  Nuculanidss  are  comprised 
in  the  genus  Nuculana,  H.  F.  Link,  and  range  from  the  Cracken 
and  Atherfield  Clay  of  Atherfield,  through  the  Oault  and  Upper 
Green  sand,  possibly  into  the  Chalk  Bock.  It  is  found  also  at  sevenl 
horizons  in  tbe  Speeton  Clay,  a  new  form,  N.  Speetonenaia,  being 
described  from  the  Speeton  Clay  of  Speeton,  upon  specimeai 
in  the  British  Museum  (Natural  History)  and  in  the  Museum  of 
Practical  Geology,  but  their  precise  horizon  is  not  recorded. 

Tbe  only  representative  of  the  family  Nuculidao  is  the  genns 
Nueula,  Lamarck,  which  occui*s  in  the  Speeton  Clay,  and  ranges  from 
the  Lower  Greensand  through  the  Gault  and  Upper  Greensand, 
possibly  into  the  Chalk  Hock.  A  new  species  {N.  Lamplughi),  tbe 
types  of  which  are  in  Mr.  Lamplugh's  collection,  is  described  from 
the  Speeton  Clay  (D  4)  of  Speeton. 

The  Cretaceous  Auomiidw  are  comprised  in  the  genus  Anomia, 
Linnseus,  which  ranges  from  the  Lower  Greensand  through  the 
Gault,  Upper  (ireeusand,  and  Cambridge  Greensand,  into  the 
Tottornhoe  Stone. 

The  family  Arcida)  is  represented  by  the  genera  Area,  LinnaBUi 
{sensu  stricto)  ;  Burbatia,  J.  E.  Gray  ;  Grainmatodon,  Meek  Ss  Hayden; 
Triijonoarca,  T.  A.  Conrad ;    Cucnlltea,  Lamarck,  with  the  new  sub- 
genus Dicranodonta ;    Isoarca,  G.  Miinster;   Pectuncidus,  IjeLmB.nk; 
and  Limopsis,  A.  Sasso.     The  subgenus  Dicranodonta  is  proposed  for 
W.  Keeping's   CucuUaa  Donningtonensis,  the  t^'pes  of  which  came 
from  the  Claxby  Ironstone,  Benui worth  Haven,  and  are  preserved 
in  the  Woodwardian  Museum,  Cambrida;e ;   but  tlie  species  is  also 
recorded  from  the  Lower  Greensand  of  Up  ware.     The  author  plaoee 
with  a  query  in  this  same  subgenus  the  species  which  W.  Keeping 
described  as  Pectuncidus   ohliquus   from   the   Lower   Greensand  of 
Up  ware  :   and  he  considers  that  the  form  described  by  Keyserling 
and  by  Schmidt  as  2Wtuncu!n8  Petschorte  probably  also  belongs  here. 
A  new  species  of  Pectuundus  (P.  euglyphua)  is  founded  upon  three 
specimens  in  Mr.  Meyer's  collection  from  the  Chalk  Marl  (Meyer's 
bed  ii)  of  Dunscombe.  and  a  new  species  of  Limopsis  (Z.  albieuM) 
upon  some  specimens  from  the  Lower  Gault  (zones  ii,  iii,  and  vii) 
of  P\)lkestone,   that   are   preserved   in    the   Museum   of    Practical 
Geology,  Jermyn  Street. 

3.  A  Monograph  of  tlie  British  Carboniferous  Lamellibranchiata. 
By  Wheelton  Hind,  M.D..  etc.  Part  IV  :  Edmondidse, 
Cyprinidro,  Crassitollida*.     pp.  277-360 ;  pis.  xxvi-xxxix. 

In  the  present  part  the  author  deals  with  the  rest  of  tbe 
Edmondida\  comprising,  in  addition  to  those  treated  of  in  part  iiif 
the  genera  SedgwicJcta,  M'Coy ;  and  Edmondia,  De  Koninck,  with  tbo 
inh^nus  Scaldia,  Do  Hyckhult.    Sedgwickia  is  represented  by  fifO 


« 

ItieUtca — Pr6fi»»(ir  Lfwid'  CrytMtography.  85 

«peci«a,  three  of  which  (5.  ovala.  S.  Scotien,  and  5.  HihoThievilarit) 
*re  deBQribeJ  as  nen-.  In  his  obsei-vationi  on  this  genus  the  author 
(laleii  that  "  Fentu  eenlTalit,  M'Coy,  anj  Dolaiira  tecuriformit, 
M'Coy  .  .  .  doubtless  belong  lo  the  genua  ;  unfortunately,  however, 
ttiB  type  specimen  of  the  former  has  Oeoomposecl,  and  thut  name  can 
Oolonf^r  be  retained."  If  we  are  to  conclude  from  thin  statement 
Ituil  when  the  type- spec! men  denomposea  the  name  of  the  speoies 
ililappeora,  what  a,  prospect  for  the  naniea  of  the  Gault  and  London 
Ctay  fossils,  which  have  such  a  strong  inoHnation  to  go  'wrong'! 
He  genua  Edtnondia.  De  Koniuck,  is  represented  by  about  twenty 
qieotu,  lis  of  which  are  regarded  as  new,  and  the  subgeuuB  Sealdia, 
De  Kyckholt,  by  two  speciea. 

Of  the  Cypriiiidas  the  author  recognizes  among  the  Carboniferous 
lAmellibrnnohiata  only  the  new  genua  Mylilonorpha,  the  typionl 
CirboniferouB  form  of  which  he  considors  to  be  that  described  by 
fillips  as  Cyprteardia  rhomhea  ;  (be  only  other  British  Carboni- 
lerotu  Bpeoiee  beiug  M.  attgnlala,  n.sp. 

To  the  OrassitellidEC  Dr.  Hind  refers  Hall's  geuus  Cypriearddla, 
mon  species  of  which  are  described  in  the  preeeut  part ;  Fischer  and 
BeDshausen  placed  this  genus  in  the  Autartidn,  ami  the  author  admits 
lllat  it  really  possesses  oharacters  intermediate  between  the  two 
"nnera"  [lamilies].  He  regards  Astarlttla  and  Cijpricardella  as 
probably  identicul,  and  aays  (p.  347)  "  the  date  of  the  description  of 
iaarttila  is  IS^iS,  the  same  year  as  that  of  Cyprieardella,"  a  state- 
ment, however,  which  does  not  quite  agree  with  the  references  to 
<beae  (wo  genera  given  on  the  preceding  page. 

i.  A  Monugmpb  on  the  Inferior  Oolite  Ammonites  of  the  British 
Islands.     By  S.  S.  Buokmun,  F.G.S.,  etc    Part  XL     Supple- 
ment:    il— BevisioQ  of,  and  addition  to,  the  Hildoeeralidse. 
pp.  »«itiii-lxiv  ;  pis.  T-xiv. 
Mr.  Buokman  continues  his  revision  of  this  family,  dealing  chieQy 
with  the  fonijs  which  were  referred  iu  the  body  of  the  work  to 
Uoetrat  and  Litdwigia.      He  says  that  "nearly  all  the  speoimena 
ioacribed  as  Lioceraa  in  the  body  of  this  work  must  he  removed  from 
Ibat  position."     Tbe  genus  Lioetras  is  restricted,  opalinut  being  the 
inie  species  of  tbe  genus,  and  "  Queustedt's  fig,  ID  in  pi.  vii  of  hia 
'Cephalopoden'  ia  regarded   as  tbe  arbiter  of  what  is  opalinut." 
Several  new  apeciee  and  not  a.  few  new  genera  are  proposed. 


VL — A  TsEATiac  on  CBYSTAiLoaBAPHT. — By  W.  J.  Lbwis.    pp.  612, 
with  563  figares  in  the  text.     (Cambridge,  1899.) 

DDRtNG  Hr.  Lewis's  teaare  of  the  Uniyeraity  Professorship, 
'  which  has  extended  over  neai-Iy  twenty  years,  the  subject  of' 
XineratDgj  (in  oombioation  with  Crystallography)  has  been  made 
U  iadependent  subject  of  the  Natural  Soieaces  Tripos,  and  for 
mne  time  has  had  a 'considerable  number  of  students;  a  textbook' 
<if  CiySAallograpby  at  once  suited  to  the  requirements  of  the  Tripos 
tM  oottetponding  in  its  methods  and  terminology  to  the  profeseorial^ 
IheUuhi'i^iU'be  aneat  boon  to  Cambrid^  meii,  an&  tbe \iw)k,  ntlQI, 
j_»..-u..  -^-  -^looaiiBd  ta  oOiir  PnivefetiM,'  bofti  at  torn*  wA 
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abroad,  more  eapedallj  in  America.  Among  the  many  good  points 
which  we  have  noticed,  we  may  more  particularly  mention  the  Inad 
deacriptions  of  the  methods  of  crystal  drawing  and  the  nnmerooa 
worked  problema  illustrating  in  detail  the  methods  praotioallj 
adopted  in  the  calculation  of  the  forms  of  crystals  from  the 
measured  angles.  The  methods  of  projection  and  the  uses  of 
anharmonic  ratios  are  also  well  explained.  In  the  treatment  of  the 
subject  great  stress  is  laid  on  the  independence  of  the  thirty-two 
types  of  crystalline  symmetry,  and  their  deduction  and  charaoteristioa 
are  illustrated  in  full  detail  Most  of  the  figures  have  been 
specially  drawn,  and  there  are  frequent  references  to  the  specimens 
preserved  in  the  Oambridge  Collection.  The  Cambridge  UniTcrsity 
Press  is  to  be  heartily  congratulated  on  this  particularly  handsome 
and  Taluable  addition  to  its  series  of  Natural  Science  Manuals. 

M.  F. 

yn. — First  Appendix  to  thb  Sixth  Edition  of  Dana's  Ststbm 
OF  MiNKBALooT.  By  Edwabd  S.  Dana.  pp.  75.  (New 
York,  1899.) 

THE  usefulness  of  the  well-known  Dana's  System  of  Mineralogy^ 
the  sixth  edition  of  which  was  published  in  1892,  has  been 
increased  by  the  issue  of  a  First  Appendix,  which  includes  within 
a  brief  compass  a  description  of  the  more  salient  characters  of  the 
new  mineral  species  disooTcred  during  the  last  seven  years,  and 
an  account  of  the  results  of  later  research  on  the  species  already 
described  in  the  Sixth  Edition  itself.  For  convenience  the  mineral 
species  are  noted  in  alphabetical  order,  and  full  references  are  given 
to  the  original  memoirs.  The  Appendix  is  brought  well  up  to  date, 
and  takes  account  of  researches  published  very  shortly  before  its 
own  appearance.  M.  F. 

ym. — Thb  Oxologt  of  the  South  Wales  Coalfield.  Part  I : 
The  Country  around  Newport,  Monmouthshire.  By  Aubrey 
Strahan,  M.A.,  F.G.S.  Memoirs  of  the  Geological  Survey, 
pp.  vi,  97.  (London :  printed  for  H.M.  Stationery  Office, 
1899.    Price  2».) 

THE  resurvey  of  the  great  Coalfield  of  South  Wales  was  com- 
menced in  1891  by  Mr.  Strahan,  and  has  been  carried  on  with 
the  aid  of  Mr.  J.  B.  Dakyns  (who  has  now  retired  from  the  service), 
Mr.  R.  H.  Tiddeman,  Mr.  Walcot  Gibson,  and  Mr.  T.  C.  Cantrill. 
The  present  Memoir  is  the  first  of  a  series  intended  to  explain  the 
one-inch  geological  maps  of  the  district,  of  which  four  have  now 
been  published.  In  it  we  have  descriptions  of  the  Silurian  rooks  of 
XTsk,  of  the  Old  Bed  Sandstone,  Carboniferous  rocks,  Keuper  Marl, 
Bhsetic  Beds,  Lower  Lias,  Glacial  Drifts,  and  more  recent  deposita. 
The  Silurian  rocks  comprise  Wenlock  and  Ludlow  Beds,  and  whUe 
they  are  overlain  with  apparent  conformity  by  the  Old  Bed  Sand- 
stone, it  is  noted  that  the  plane  of  demarcation  is  sharp  and  that 
there  is  no  evidence  of  gradation.  This  is  not  as  we  have  usually 
been  taught  to  believe.  Moreover,  instead  of  any  break  in  the  Old 
Bed  SandBtone,  marking  a  division  mto  Upper  and  Lower  beds,  it  ia 
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suited  tLat  Ibe  entire  group  is  made  up  of  a  conformable  series  of  red 
BaudBtoties,  congto  me  rates,  and  marls  with  oorDstones.  Of  these, 
three  divisions  have  been  traced  out  and  coloured  on  the  map. 
Bemains  of  Pleraipis  and  Cephalaipit  occur  in  the  lowennoet  division. 
The  Lower  Carboniferous  roeke  rest  conformably  on  the  Old  Red 
SaadstDne,  but  they  differ  from  eijuivalent  beds  in  the  Mendip  area, 
inssmach  as  the  moss  of  "  Lower  Limestone  Shales  "  there,  is  repre- 
eanted  in  the  neighbourhood  of  Newport  by  a  lower  bed  of  brown, 
often  oolitio,  encrinital  limestone  50  to  100  feet  thick,  surmounted 
b;  from  40  to  90  feet  of  shale.  Above  is  the  main  mass  of  Carboni- 
feroQB  Limestone,  which  in  the  area  now  described  varies  from  150 
to  700  feet.  No  particular  attention  appears  to  have  been  given  to 
the  fossils  of  these  rooks,  and  we  can  hardly  wonder  that  this  baa 
been  the  ease.  Fossils  are  not  readily  to  be  obtained  from  the 
Carboniferous  Limestone  of  Monmouthshire,  and  the  field 'geologist 
can  scarcely  give  the  weeks  of  labour  to  quarries  and  other  exposures 
of  rock,  without  which  collecting  would  be  of  little  valae. 

No  distinct  division  of  "  Upper  Limestone  Shales  "  is  reoogaizod. 

The   strata   immediately   above    the  Carboniferous   Limestone  are 

-    gronped    as    Millstoue    tirit,   and    they    comprise    not    only    the 

L  tiWfVGteriatic  bard    grit    with    quartz    pebbles,    but    considerable 

■  HMPBn    of    shales.      The    details    relating    to    the    Coal-measnres 

UynlauiXy  form  the  moat  important  features  in  this  Memoir,  judged 

'  ftnn  an  eoonomic  point  of  view.     A  study  of  the  various  faults  and 

disIooatioQS  is  most  important,  and  these  will  bo  best  understood 

when  the  map  is  placed  alongside  the  memoir.     Descriptions  are 

given  of  the  Keuper  Marls,  the  Rhcetic  Beds,  and  the  Lower  Lias 

which  are  espused  near  Newport,  in  quarries  and  cuttings  at  Lis- 

Vferry  and  at  Goldcliff  on  the  Severn  shore.     Various  Glacial  dnfls. 

Rivet  gravels,  and  other  Alluvial  deposits  are  also  described. 

IX. — Freliiiihabt  Notice  of  thb  Etohbminian  Faeni  of  Cape 
BsBTos.  By  O.  F.  Matthew,  LL.D.,  etc,  Bull.  Nat.  Hist.  Soo. 
New  Brunswick,  vol.  iv,  pp.  198-ii08,  pis.  i-iv.  December,  1899. 
^pQE  fossils  described  in  this  article  were  collected  from  a  terrane 
X  beneath  the  Cambrian  in  Cape  Breton  Island,  in  the  province 
of  Nova  Scotia,  Canada.  The  sections  given  prove  that  this  terrane 
ii  beneath  the  Cambrian,  which  overlies  it  unco  n  form  ably.  They 
■how  no  '  Lower  Cambrian,'  as  the  faunas  of  Paradoxidea  and 
Prolotenut  are  absent,  or,  at  least,  have  not  been  recognized.  The 
beds  are  therefore  assigned  by  Dr.  Matthew  to  the  same  level  as  the 
beds  of  similar  appearance  and  position  in  New  Brunswick  and 
Newfoundland  {see  Gboloqioal  Magazine,  Deo.  IV,  Vol,  VI,  pp.  37S 
■nd  472,  August  and  October,  1S99  ;  see  also  next  notice).  The 
Pre-Oambrian  life-period  thus  revealed  has  been  named  Etoheminian 
by  iu  discoverer.  It  was  a  period  characterized  in  this  region  by 
nmah  volcanic  activity,  and  by  rather  humble  forms  of  life :  worms 
in  abnndanoe,  primitive  braohiopods,  Capulidte  but  few  other 
molluscs,  some  ostraoods  but  no  trilobites.  None  the  less,  still 
ilong  way  from  the  beginninf^  of  things. 
The  fauns  in  tbo  Capa  Bntoa  £tohemiaiaii  is  ^aite  dUteniA  Inm 
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tliai  fboiid  in  rocks  rappoted  to  be  of  the  taae  9^  in  Newfoundland ; 
in  fact,  the  geoera  are  all  such  as  oocar  at  the  base  of  the  Cambrian 
io  New  Brans  wick  iProtolemm$  zone'.  A  difference  of  age.  however, 
is  to  be  inferred  from  the  fact  that  the  species  sre  all  different  and 
new.  Of  Brachiopods  there  are  —  LinguUlltL,  two  species;  Lejpkh 
boiuM  (?),  two  sp.;  ObolmM  ^snbgen.  Falaoholn9.  n.snl^n.),  one  sp. ; 
AeroiheUt  one  sp. ;  Acrotrtia^  one  sp.  Of  Ostraoods  there  ars — 
Bradoria  (n.gen.  |,  three  sp. ;  Schmidtella^  two  sp.  Four  plates  of 
figures  representing  these  species  accompany  the  articleii 

X. — Studies  on  Cascbriax  Faunas  :  No.  3.  Upper  Cambrian  Faona 
of  Mount  Stephen,  etc. :  No.  4,  Fragments  of  the  Cambrian 
Fanuas  of  Newfoundland.  Also  The  Etcheminian  Fauna  of 
Smith  Sound,  Newfoundland.  By  G.  F.  Matthew,  D.Sc,  LIi.D. 
Trans.  Hoy.  Soc.  Canada,  ser.  ii,  vol.  t  1 1699),  sect.  -L,  p.  39. 

11HESE  articles  on  the  early  Palaeozoic  faunas  of  the  eastern  part 
of  Canada  and  Newfoundland  and  on  that  of  Mount  Stephen  in 
British  Columbia  serve  to  extend  and  broaden  our  knowledge  of  the 
species  of  that  early  time  in  America.  Dr.  Matthew,  on  a  careful 
review  of  the  Mount  Stephen  fauna,  concludea  that  it  may  be 
regarded  as  equivalent  to  the  Ptliwra  fauna  of  N.W.Europe.  Eleven 
genera  of  trilobites  are  recognized. —  Ogygia  (Ofjygopns),  BalJby- 
urtBcWj  Zaeanthoides,  SeoJenus  (n.gen.  with  5  n.spp.),  Ftjfchopariiif 
Vorifpyge,  AgnostuSf  Corynejcochus,  DolickometopH».  OryctoctpkalmM^ 
and  Conocephalite».  Two  new  genera  and  four  new  species  of 
Hyolithidfld  are  described.  Tin's  problematic  group  of  animals  is, 
in  accordance  with  the  views  of  PeUeneer  and  Holm,  absolutely 
removed  from  the  Pteropoila  or  any  other  Mollusca,  and  is  referred  by 
Dr.  Matthew  to  the  Annelida,  a  conclusion  which  is  at  any  rate  more 
consistent  with  their  predominance  at  so  low  a  geological  horizon. 

Under  '  Study '  No.  4,  a  variety  of  forms  from  several  horizons 
of  the  Cambrian  of  Newfoundland  is  described.  Rapkutoma  (?) 
Kellienshf  n.sp.,  is  an  early  type  of  a  Pleurotomarioid  Gasteropod. 
Several  worm -burrows  and  trails  are  described,  and  a  large  HyolitheM, 
Among  the  trilobites  is  a  3licrodi$eus ;  the  Agprauloid  forms  are 
represented  by  Slrenuella  (subgen.)  ;  two  new  s|ieeies  of  Afiosiacea 
are  described ;  one  new  Atalonia,  and  a  fine  Metadoxidet.  The 
Conooorypbinse  are  re-classified,  C.  trilineatuM  as  subgen.  Atop%f  and 
Erinnya  oenti/osa,  Salt.,  as  £,  (Harpidea)  brevicep»,  Ang. 

The  third  article  gives  the  fauna  of  a  set  of  beds  described  by  the 
author  as  a  separate  terrane,  lying  beneath  the  beds  that  cany  the 
well-known  fauna  of  Paradoxidea  and  the  less-known  fauna  of 
ProtoUnuMf  which  underlies  it.  This  fauna,  to  which  we  have 
referred  in  the  preceding  note,  is  remarkable  for  the  prevalence  of 
Hyolithidsd  and  primitive  types  of  Gasteropods  and  Breohiopoda. 
In  this  article  the  new  Gasteropod  genus  Bandomia  is  described,  and 
the  following  new  species  :  Kutorgina,  one  sp. ;  Bandomiap  one  sp. ; 
Fia(yeera$,  three  sp.  ;  Jfodiolopsis,  one  sp.  ;  Urotheea^  one  sp. ; 
HeUnia,  one  sp.  ;  ByoUtheUuBt  one  sp.  ;  Orihoiheea,  four  Bp»; 
Hjfolithes,  one  sp. ;  Aptychop»i$,  one  sp. 

Tbe  artiolea  are  accompanied  by  ^g\\t  \^\aitea  oC  fiigai 
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QeoLoarcAL  Sociiltt  or  Lomduh. 

Dweniber  20,  1899.— W.  WLitaker,  B.A.,  F.11.S..  PreBident,  in  llie 
Chair.     The  folluwing  ooiumunicaLioas  were  read  :  — 

I.  "On  some  EfliecU  of  Earlli-niovement  oa  ihe  CHrboniferous 
VqIciuuu  Kticks  of  llie  Inle  of  Miui."  By  6.  W.  Lamplugb,  E^., 
F.G.8^  o*  H.M.  Geological  Survey, 

[Coimnnnicalei!  by  pcrmisiion  of  (he  Direotor-GenerBl  of  llie  Geological  Surrcj',] 

The  autbor.  )<ino»  ihe  completion  of  hie  aiirwy  of  the  Isle  of  Mhh, 
bu  atnilierl  llie  coast- sect  ion  in  the  Cariioniferona  Volcanic  Series 
between  Costleton  Bay  and  Poolvnsh,  with  the  result  that  he 
ba«  discovered  eviilence  that  the  atiulii  hnve  uiulergons  much 
deformation  in  pre-Triasaio  times,  and  probably  before  the  Upper 
Permi&D  rocka  of  the  island  were  deposited.  In  the  western  part 
«f  the  outcrop  the  volcanic  mnl«rial  ooiiBista  almost  wliolly  of  tuff, 
io  places  bedded  nnd  fossiliferoits  i  in  tlie  eastern  part  th«re  exists 
»  chaotic  mass  of  coarse  and  fine  fragiueotal  voloanio  material 
travened  by  ridgex  of  basakiu  rock  and  uoiitaiinng  entangled  jiatolies 
nf  dark  liTnesiorie.  Th»  anther  i.ow  oonsidera  that  the  liirger 
Jeoticles  and  must  of  tbe  smaller  bluuks  uf  limestone  have  boeu 
lorn  up  from  the  underlying  limestone  lloor  during  a  eliding  forward 
or  overLhrusting  of  the  volcanic  series  upon  it.  i3uuh  blocks  do  not 
eoDtiua  tishy  iu»terial,  and  the  patches  of  truly  interliedded,  ashy 
JimeilDBA  can  b«  distinguished  from  tham.  'I'he  sections  at  Hearlbt 
Piliitt^  POolvaeh,  and  between  Cromwell's  Walk  and  Close  ny  ChoIIagh 
Point  are  described  and  Sgured.  Strips  of  Jimeatoua  are  found  to 
shoot  steeply  upwards  and  become  wedged  in  between  tbe  blocks 
in  the  agglomerate;  they  give  indications  of  sliding  and  disturbance, 
and  ttuir  ont«r  surfaoea  are  indurated  and  chert-like.  The  ash, 
whicb umally  rests  on  black  argillaceous  limestODe  flags,  in  plaoes 
appeBTTtD  oome  into  juxtaposition  with  a  somewhat  lower  horizon, 
cmshad,  platy  material  intervening  between  tbe  two.  Steep  domes 
o£.tba-liineatone  break  into  sharp  crests  whioh  shoot  up  into  the  ash 
snd  flVB'bant  oTer  towards  the  north  ;  and  between  the  orcBls  there 
vt»  tBoAX  rvgged  strips  of  limestone  entangled  among  the  tuff. 
Bandk  of  vesionlar  basalt  are  bent  and  shattered.  A  dyke-like 
maaa  has  had  a' segment  sliced  off  and  thrust  forward  among  th» 
sgglffmflTBtffj  so  that  its  flow-lines  of  vesicles  are  sharply  truncated 
>£ig,-tbe<fraatlirad  edge,  whioh  is  often  notched  and  filled  in  with 
sth  aa  though'lampa  had  been  torn  out  of  iL  The  composition  of 
tha'iaoladed  maans  is  influenced  by  the  noigbbourbood  of  tbd  nxAs 
titsMvoakareoaa  near  limestone,  basaltic  near  the  baMit  masMfe. 

DbaspbenosMia  may  be  explained  as  the  result  of  earth-movemeift 
OS  a  groap  of  rooks  consisting  of  limestono  passing  up  into  tuff; 
iatariMddad  with  lava-flows,  and  possibly  trttvereed'  by  sills  or 
^fcsKof'  baaaltlo  rook.  The  effects  of  tlie  disturbanoA-  a^ter  t» 
fafc-linMlai'Tertically  and  horizontally,  and  to'have  been  inflUeticM 
%•  thsudUSscmtial  reeistanoa^  of  the  component  rOoks.  Analogous' 
ftstMMWKMn  iB  the  Borrowdalv  VoJouiiO'  Serie*  and  m  tV«^%i»\tal 
nHawii  imiiiii  o/Bantmkit.  - 
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2.  ""TIm  Zonml  Clawifioatioii  of  the  Wenloidc  Shales  of  the  Welsh 
Bo^rOerlsnd."  By  Miss  Gertnide  L.  Elles.  (Gommimioafted  by 
J.  £.  Marr,  Esq.,  M.A.,  F.R.S.,  F.6.S.) 

This  paper  deals  with  the  Wenlock  Bocks  of  Builth,  the  Long 
Mountain,  and  the  Dee  Valley,  and  establishes  the  following 
seqaenoe  in  these  districts : — 
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The  results  obtained  by  the  author  completely  confirm  the  work 
of  Tullberg  on  the  Wenlock  Shales  of  Southern  Sweden. 

Along  the  Welsh  border  the  Wenlock  Kocks  do  not  cover  a  large 
area,  but  are  merely  a  fringe  to  the  Ludlow  Hocks.  The  former 
are  characterized  by  graptolites  of  the  priodon-Flemingii  type,  the 
latter  by  those  of  the  colonua  type. 

The  general  structure  of  the  Builth  district  is  a  syncline  towards 
the  north  and  north-west  part  of  a  series  of  folds  whose  axes  run 
north-east  and  south-west.  A  later  set  of  movements,  along  east 
and  west  axes,  and  of  later  date,  lifted  the  district  to  the  north  and 
north-west  of  Builth,  and,  combined  with  the  e£feot  of  previous 
movemeDte  and  subsequent  denudation,  caused  the  ex^ture  in  the 
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tarOi  and  norlli-nest  of  beds  wliich  are  overlapped  to  tiie  east,  Tho 
full  ilx  zoDBB  iu  the  foregoing  table  occur  to  the  nortb-eaat  of 
Builth  Roail  Station,  but  aome  of  theiu  are  overlapped  oortb-weat  of 
Bailtli;  and  at  Aberedw  Hill,  east  of  Builth,  only  the  higbaat  zod» 
ii  expo«ed.  Tbs  entire  succeBsion  in  tlie  north  and  nurth-west  part  ' 
otUia  district  is  given  below: —  I 

j,jj^     f       10.  n«rd  Ught-groy  ailioeous  flags.  I 

I  '    I         9.  Micaceoiu  euudyghilca,  with  rotten  lim««tcnie  bands.  I 

I  (6,  Calcaieoiu  So^toaea,  with  fouililorDiu  bnmla.  1 

h  if)  7.  Cili-sreuns  lisflilc  shslea,  -wiih  bedi  of  flagitone.  ] 

^B  =  Zone  of  VyrtograiiUit  Luiidgrmi. 

^1  {e)   6.  Bard  pej  oalcareoui  >hBlM  with  graptolitea.  i 

^B  =  Zone  of  Ci/rtugraplut  rigidia.  \ 

P  &.  Light- ooIouimI  tts0,  aafuuilifuroui       (400  (est)  P 

VnlHb      (■')  ^-  Grey  cslcareous  Sua  and  HholK*,   with  lunntone 

-™"  coneretioDs 300  taet. 

=  Zone  of  Cf/riograptut  Liimartoni.  , 

(r)  3.  Soft  ahalea  with  harder  flaggj  bed>         200  trat. 

=  Zone  of  Cifrliiffrtplui,  up.  tuir.  , 

(i)  2.  Hud  calesieoua  flBgstonei       300  leet. 

=  Zone  u(  MMegripliH  Am-nrfonnwM. 
(a)  1 .  Soft  flndle  shale*  alternating  with  llaga. 

=  Zoos  of  CyrtBgraptiii  MimhUom. 
The  Wenlock  Sbale  of  this  area  was  deposited  on   the  sinking 
ihore-line  of  the  old  Llaudeito  ridge,  resuliing  in  the  overlap  of 
higher  beds  on  lower.  ' 

The  Long  Mountain  is  a  syncliue  with  nortb-eaat  and  south-west 
■lis.  Here  also  there  must  have  been  deposition  on  a  sinking  ridge 
sooompanied  by  overlap.  The  lowest  beds,  exposed  near  Chirbury, 
iwlong  to  the  zone  of  Monograptaa  Biecartonetuit  ;  but  on  the 
north-west  side,  near  Middletown,  tbs  lowest  beds  seen  above  the 
Tarannun  shales  belong  to  the  zone  of  Cyrtograplut  Linnartioni. 
The  relationship  of  these  beds  to  the  Tarannon  sbnlea  is  regarded 
11  an  nnoonformahility.  The  sections  in  this  district  oonfirtn  those 
established  for  the  Biiiltb  area. 

In  the  Llangollen  Basin  the  general  structure  is  a  synclinal  fold 
oomplioated  by  many  minor  folds  and  faults.  The  'pale  slates' 
are  oovered  by  darker  shales  belonging  to  the  zone  of  Oyrtograptiu 
Murehiaom  ;  and  in  this  district  the  relationship  of  the  lowest  zones 
ii  clearer  than  at  Builth  or  the  Long  Mountain. 

Th«  palsaontologioal  part  of  the  paper  describes  several  species, 
Knae  of  which  are  recorded  for  the  first  time  in  tbs  country : 
CjrtograpUu  Carruthern,  C.  rigiduM,  and  a  new  species  of  Ci/rto- 
grapttu  of  zonal  value,  four  varieties  of  Moaograptua  FUmtngii, 
three  of  M,  vomerintu,  one  variety  of  JIf.  te«tis,  and  two  new  epeoies 
tl  Moiiograptu$  are  amongst  the  forms  dealt  with. 

3.  "  On  an  Intrusion  of  Diabase  into  Psrrao-Carboniferous  Books 
at  Frederick  Henry  Bay  {Tasmania)."  By  T.  Stephena,  Esq.,  M.A., 
T.Q.B. 

The  relationship  of  the  abundant  dlaboae  to  the  Penno-Garboni- 
laroiia  atnUa  of  the  island  lias  been  long  a  matter  of  disput*. 
Among  others,.  Jnkes.  described  sections  which  appeared  1,0  cou&mw 
the  view  that  Permo-CarbonifBroaa  sedimenta  wete  &ep<»\!t«&  to'uA 
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▼ttt  ID8MM  of  ^Dcom  focm  picf  KNiny  eooled  md  draiidedL  TnA 
sotbor  hat  identified  and  TisiKed  the  aectiom,  end  finds  in  one  tliat^ 
althoagb  there  h  m  step-like  janction  between  the  sedimenta  and 
fbe  igneoos  rocks,  it  is  the  lesnlt  of  intmsicm  of  diabaae^  and  not 
of  the  deposition  of  sediment  The  sediment,  whidi  is  foadliferoo^ 
ill  converted  into  an  intensely  bard  whitish  marble,  and  the  aaaociafad 
shale  bands  into  chert.  The  diabaae,  whidi  is  ordinarily  an  ophitio 
rock,  aoqaires  at  the  janction  a  finely  crjatalline-grannlar  atmctnre. 
Jukes*s  second  section  also  gives  nndoabtcd  evidaioe  of  intrusion. 

Geological    Socimr    or    Lo^mosr:    Medau   axd  Awabds, 

Janoarv  10th,  1900. 

The  Council  of  this  Society  has  decided  to  give  the  Medals  and 
Awards  on  Febroary  IGth,  1900,  as  follows: — 

"Vhe  ''  WoUaston  Crold  Medal "  to  the  American  Geologist,  Professor 
O.  K.  Gilbert,  For.  Memb.  Geol.  Soc.,  of  the  United  States 
Geological  Sanrey,  Washington,  D.C.,  n.S-A. 

The  ''  Marcbison  Medal"  to  Baron  Adolf  Erik  Nordenskiold,  Ph.D., 
For.  Memb.  Greol.  Soc.,  of  Stockholm. 

The  "  Lyell  Medal "  to  Mr.  J.  E.  Marr,  M.A.,  F.R.S.,  F.G.S.,  of 
Cambridge  (for  many  years  Secretary  of  the  Geological 
Society  of  London),  Fellow  of  St  John's  College,  Cambridge. 

llie  Wollaston  Fond  to  Mr.  George  Tharland  Prior,  M.A,  F.Q.Si, 
of  the  Mineralogical  Department,  British  Maseom  (Natural 
History),  S.W. 

The  Murohison  Fund  to  Mr.  A.  Vaughan  Jennings,  F.L.S.,  F.Q.S., 
Assoc.  R.S.M.,  etc 

The  Lyell  Fund  to  Miss  G.  L.  Elles,  Woodwardian  Museum, 
Cambridge. 

The  Barlow-Jaueson  Fund  (I)  to  Mr.  G.  C.  Crick,  Assoc.  R.S.M:, 
F.G.8.,  Geulogical  Department,  British  Museum  (Natural 
History).  Cromwell  Road.  S.W. ;  (2)  to  Professor  T.  T. 
Groom,  M.A.,  D.Sc.  Lend.,  F.G.S.,  of  the  College,  Beading. 


THE  COLOUR  OF  GLASLYN  AND  OP  LLYN  LLTDATT. 

Sir, — Glaslyn  and  Llydaw  are  the  names  of  the  two  chief 
Snowdonian  lakes.  Glaslyn  has  from  time  immemorial  been  noted, 
as  its  name  implies,  for  the  greenish  colour  of  its  water;  but  until 
this  year,  1899,  there  has  not  been  anything  peculiar  about  the 
colour  of  Llydaw.  Last  summer,  however,  for  the  firat  time  withiii  at 
least  the  last  fifty  years,  the  water  of  Llydaw  has  become  as  green  as* 
that  of  Glaslyn.  The  canse  of  this  change  of  colour  is  not  far  to  seek, 
for  last  spring  the  company  that  works  the  Snowdon  copper-mine 
commenced  crushing  and  washing  their  ore  on  the  bank  of  Llydaw, 
so  that  a  large  quantity  of  greenish  d6bris  is  daily  carried  into 
the  lake,  whose  water  has  thus  become  turbid  and  greenish  in 
colour.  The  rock  excaYated  along  the  copper  veins  is  of  a  greenish 
Jjue,  as  anyone  may  see  by  looking  at  the  tips  at  the  mouths  of  the' 


idU  levftls.  The  cbaoge  uf  colour  in  lilydaw  eJcpUiiU  tha  oolour  of 
Slsdyn,  about  ilia  eaase  of  wbicli  tlmce  liaa  bitherto  beeu  soma 
joabt,  for  it  must  now  be  obvious  that  Glaslyu  owes  ils  green  colour 
to  lbs  detritUB  of  greeu  roulc  washed  into  [  from  tbe  adit  lerela  of 
tbe  mine.  J.  K.  Di&xns. 

fWt.j-Owiixi.,  A'ov.  H,  18BB- 


CATAI.0G1TE  OF  THE  FOSSIL  CEPHALOPODA  IN  THE  BRITISH 
MUSErM  (NATrKAT,  niSl'ORT),  FART  HI:  A  COKnECTION. 
Sm, — llio  WDodbloaks  naod  in  illuatrntiii);  I'art  iii  of  tbe  "  Cata- 
togne  of  Iho  Fossil  Oephalopoda  in  Ibo  Britiab  Muaeuiu  (Natural 
Siitory),"  by  Dr.  A.  H.  Foard  and  myeelf,  bave  jiist  |>aiiiHid  ibruujfb 
my  bands,  an<l  on  comparing  Ibeui  iviCb  tbu  tgurnt  in  tbu  book 
1  find  tbul  tbere  has  been  a  vtity  unfortuualu  truuvuitaition  uf  th« 
figures  of  tbe  Buture-llnea  of  Bome  of  tba  speciea  of  Gephgroairat. 
The  blocks  themselves  are  numbered  correctly,  but  owing  to 
s  priatar's  error  they  do  not  appear  in  their  proper  places  in  the 
rolnme.  The  following  correotions  are  neaessary  : —  For  Fig.  3!i 
(intnre-line  of  Gephgroctrat  affiae)  see  Fig.  34 ;  for  Fig.  34  (suturi'- 
Uae  of  Gephyroeerai  eaUuliforme)  see  Fig.  SS ;  for  Fig.  35  (suture- 
hoe  of  Oephijroeeras  aqunhile)  see  Fig,  S3  ;  and  for  Fig,  36  (anture- 
lis*  of  Gephgroewat  ierratuin)  sea  F'n(.  3o.  Tbe§e  four  figures,  iheu, 
ifilli  their  descriptiona,  should  have  been  as  followa : — 
Fro.  33. 

Sttor^jine  ol  OtpAgrecfrat  ^fiiu  [Bteiiiiiigec].  Copied  from  HoU*p[«l  ud  eompleted. 
Fio.  3i. 

BBtme-line  of  BapKyrettrai  calcufifamu  {Beyrich),  eaUrgBd.     Alter  Ssadberger. 
Fio.  36. 

Satttre^Iine  »l  Qfpkyroeirat  mquaKU  (Btjrieh).     After  Bandbsrger. 
7ia.  St, 


^AV^ 


Sotain-liu  ol  Otplt^netrat  trralvm  [SteiBiii^).    After  SaodbngK- 

QeOi  0.  Ckiok. 
KuniBB  IfupnfL  (Hatitul  Huiokt). 
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THE  SUB-OCEANIC  VALLEY  OF  THE  RIYER  COKGO. 

Sis,  —  I  have  just  oompleted  the  details  of  this  magnifioent 
«nbmeiged  river-channel  by  means  of  the  soondings  on  the  Admiialt^ 
chart  'So.  604.  Fortonately  they  are  sufficiently  nnmeroos  at  this 
part  of  the  African  coast  to  enable  me  to  do  so  with  great  aooorscy. 
That  the  Congo  valley  is  continued  under  the  Atlantic  to  a  great 
depth  has  been  known  for  some  years,  and  accompanying  the  paper 
by  Mr.  Edward  Stallibrass  on  "  Deep-sea  Soundings  in  connection 
with  Submarine  Telegraphy/"  there  is  a  plan  of  this  sub-oceanic 
valley  from  the  mouth  of  the  Congo  down  to  the  1,000-fisthom 
contour,  which  very  closely  corresponds  with  that  drawn  by  myself. 
The  scale  of  Mr.  Stallibrass'  map  is  about  half  that  of  the  Adminlty 
chart,  or  about  25  miles  to  the  inch  :  the  details  deserve  publication 
on  the  full  scale.  The  length  of  the  submerged  valley  is  about  120 
miles,  and,  like  those  of  the  West  of  Europe,  it  opens  out  on  the 
abyssal  floor  at  a  depth  of  1,200  fathoms.  The  valley  is  remarkably 
straight  for  a  distance  of  about  100  miles,  and  nearly  coincides  with 
the  6th  parallel  of  South  latitude,  but  at  this  point  bends  slightly 
northwuds.  It  is  generally  narrow,  and  bounded  by  walls,  in  some 
places  precipitous,  descending  to  depths  of  2,000-4,000  feet  within 
very  short  horizontal  spaces,  and  the  average  fall  of  the  channel 
is  60  feet  per  mile.  It  is  unnecessary  to  point  out  the  significance 
of  the  presence  of  this  great  submerged  river  valley  as  far  south 
as  6^  beyond  the  Equator.  It  proves  beyond  question  that  the 
western  margin  of  Africa  has  shared  in  the  great  upheaval  and 
subsequent  depression  by  several  thousand  feet  of  that  of  Western 
Europe  and  the  British  Isles,  and,  let  me  add,  represents  on  the 
eastern  side  of  the  Atlantic  the  uprise  and  depression  of  the 
Antillean  continent  so  ably  elucidated  by  Professor  Spencer.  I  hope 
to  treat  this  subject  more  fully  in  a  paper  to  be  read  before  the 
Victoria  Institute  this  session.  Edwabd  Hull. 

January  15,  1900. 


JOHN  RUSKIN,  M.A.,  LL.D.,  D.C.L.,  F.G.S. 

BoBN  Fbbbuaby,  1819.  Dibd  Janvabt  20,  1900. 

The  great  Art-writer  and  Critic  of  the  century,  John  Buskin, 
passed  away  peacefully  on  the  afternoon  of  Saturday,  20th  January, 
his  life's  work  accomplished  long  since. 

Few  men  have  had  greater  influence  on  modem  thought  in  matters 
pertaining  to  art,  pictures,  sculpture,  and  architecture  than  John 
Buskin ;  he  was  always  an  idealist  and  romantically  enthusiastic  in 
his  notions,  and  wholly  unworldly,  yet  no  one  believed  more  strongly 
than  he  did  in  his  ability  to  regenerate  the  world  and  reform  its 
abuses.  His  kindness  of  heart  was  extreme,  and  his  sympathies 
were  universal.  He  has  been,  as  such  a  man  naturally  would  be, 
severely  criticized  for  his  published  views  on  '  Political  Economy/ 

^  Joum.  Telegraphic  Engineers,  toI.  xri  (1888),  p.  479. 
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tnd  his  fierce  comments  on  thoBe  mftimfncturerH  unfl  mercbants  who 
pile  ap  riches  by  ihe  employment  of  labour.  Doubtless  Ituskin 
forgot  for  the  moment  that  his  own  eplen(IM  abilities  mainly  owed 
the  opportunity  for  their  development  and  eustainetl  energy  through 
life  to  the  accumnlnled  fortune  of  his  father,  a  partner  in  the  firm  of 
Rgskin,  Telford,  &  Domeot),  London. 

His  iDcceea  aa  an  art-critie  and  writer  gave  him  unbounded  belief 
in  his  power  to  cnrry  out  any  matter  upon  which  he  had  set  hts 
heart.  Thus,  at  one  time  (rcssnting  the  inlerTenlion  of  publishers) 
he  determined  to  print,  illuatratc,  and  publish  hia  own  works.  At 
■aother  time  he  started  a  busiuees  as  a  tea-dealer  in  order  to  show 
thit  trade, might  be  conducted  in  an  honourable  and  honest  manner. 
Beencouraf^ed  the  undergraduates  at  Oxford  to  dig  and  repair  the 
rotds ;  and  he  himself  undertook  to  keep  the  streets  clean  between 
the  British  Moseum  and  St.  Giles',  engaging  a  staff  of  helpers  and 
utting  tbem  an  example  of  their  duties. 

Everyone  who  loves  Buskin  is,  of  coiirae,  well  acquainted  with 
hii  numerous  works — his  '■  Modern  Painters,"  "  Stones  of  Venice," 
"Seven  Lamps  of  Architecture,"  "  Leotnrea  on  Architecture  and 
Painting,"  "  Fora  CInvigera,"  "  Ethics  of  the  Dust,"  "  Sesame  and 
Lilies,"  and  some  thirty  other  works,  essays  and  lectures.  But  how 
louiy  are  aware  that  he  had  a  strong  attachment  to  geology  and 
mineralc^y  ! 

When  taken  as  a  boy  to  Walen  by  bis  parents  he  enjoyed  his  first 
Rght  of  rflftlly  bold  scenery ;  he  asoended  Snowdon  and  Cad«r  Idrii, 
and,  to  his  intense  delight,  found  for  the  first  time  in  his  life  a  real 
mineral.  Knskin  believed  if  he  had  been  allowed  to  remain  there 
in  charge  of  the  good  Welsh  guide  and  his  wife  they  would  have 
made  a  nan  of  him,  and  also  "  probably  the  first  geologist  of  my 
time  in  Europe."  Although  this  youthful  dream  was  never  realized, 
and  he  devoted  his  after  years  to  art  and  architecture,  bis  crosaingg 
and  recrossings  of  the  Alps  in  his  frequent  pilgrimages  to  his 
beloved  Italy  made  a  powerful  impression  upon  his  imagination, 
u  may  be  seen  by  his  notes  and  sketches  published  in  the 
Gbolooical  Maoazike  for  1865.  whilst  his  subsequent  papers  on 
Banded  and  Brecoiated  Agates,  1867-1870,  op.  cit,  may  still  be  read 
with  intense  pleasure  for  their  wonderful  word-painting ;  these,  too, 
being  all  illaitrated  bi/  Butkin't  oien  hand.  His  "Deucalion"  on 
Qeology  ia  also  most  attractive. 

Only  a  few  years  since  he  was  deeply  engrossed  in  arranging  a  oase 
of  ipeoimens  in  the  Mineralogioal  Gallery  of  the  British  Museam  of 
Natural  History,  Cromwell  Koad,  to  illustrate  the  structure  of  Agates, 
looompanied  by  a  printed  description  by  himself.  To  this  oolIeotioD 
he  also  presented  the  great  South  African  unont  natural  gem,  whioh 
he  named  the  "Colenso  Diamond"  after  the  late  Biahop  Colenao. 
llie  BualuD  Musenm,  founded  by  him  at  Meersbrook  Hall,  near 
Sheffield,  is  a  treat  a  re-bouse  of  Art,  in  which  mineral!  also  find 
a  plaoe.  Of  Buskin's  many  aote  of  noble  genomsity  to  the  world 
the  pnblio  Press  is  now  everywhere  speaking  in  most  just  and 
appreoiative  praise ;  the  innumerable  kindnesBea  vrUo^i  W  wa(«V\'^ 
p«rfonned  wUl  nsrer  be  known,  but  they  wiU.  aerve  lo  Vw^  'HiVa 


96     Miscellaneoiu — Testimonial  to  Rev.  Prqf^$or  Wiltshire. 

memory  green  in  the  hearts  of  a  large  circle,  to  whom,  althoogH 
oocupying  quite  humble  positionsy  he  had  endeared  himeelf  for  alt 
time  bycalfingthem  hit  friends, 

TiTLW  OF  PbOF.   BuBKIN*!  PaPB&B  P&UfTBD  IK  TBLM  ObOLOQIOAL   MAaAZZm. 

1.  **  Notes  on  the  Shape  and  Structure  of  some  parts  of  the  Alps,  with  referenoe  to 

Denudation.*'    Vol.  II  (1865),  pp.  49-54  and  193-196,  PI.  VI  and  Woodcuts. 

2.  '<0n  Banded  and  Brecciated  Concretions.'*     Vol.  lY  (1867),  pp.  337-339. 

PI.  XV. 

3.  **  On  Breociated  Formations."    Vol.  IV  (1867),  pp.  481,  482,  PI.  XX. 

4.  "  On  Brecciated  Concretions.**     Vol.  V  (1868),  pp.  12-18,  PI.  Ill  and  Wood- 

cuts; pp.  169-161,  PI.  X;  and  pp.  208-213,  PL  XIII  and  Woodcuts. 
6.  "  On  Brecciated  Concretions.**     Vol.  VI  (1869),  pp.  529-634,  PI.  XIX  and 

Woodcuts. 
6.  **  On  Banded  and  Breociated  Concretions.**     Vol.  VII  (1870),  pp.  10-14,  PI.  11 

and  Woodcuts. 


Pbesentation  of  a  Testimonial  to  the  Rev.  Professor 
Wiltshire,  M.A.,  D.So.,  F.L.S.,  F.G.S.,  etc.,  Honorary  Secretary  of 
the  Ray  and  Paleeontographical  Societies. — A  well-attended  meeting 
of  the  members  of  the  Palseontographical  and  Ray  Societies  was  held 
at  the  Geological  Society's  Apartments,  Burlington  House,  on 
Tuesday,  December  19 ;  the  Rt.  Hon.  Sir  John  Lubbock,  Bart.,*  P.C., 
M.P.,  D.C.L.,  LL.D..  F.R.S.,  President  of  the  Ray  Society,  in  the 
chair,  supported  by  Dr.  Henry  Woodward,  F.R.S.,  F.G.S.,  President 
of  the  Palseontographical  Society.  The  object  of  the  joint  meeting 
was  to  present  to  the  Rev.  Prof.  Wiltshire,  the  Hon.  Secretary  of  both 
the  above-named  Societies,  his  portrait  in  oils,  an  illuminated  address, 
and  a  cheque  for  £138 — the  balance  of  the  sum  subscribed  after 
defraying  expenses — in  recognition  of  the  services  rendered  by  him 
to  these  Societies  and  to  Paleontology  and  Zoology  during  a  period 
of  more  than  thirty  years.  The  portrait  was  executed  by  Miss 
Atkinson,  the  illuminated  address  by  Miss  G.  M.  Woodward. 
Among  those  present  were — The  Right  Rev.  Bishop  Mitchinson, 
Master  of  Pembroke,  Oxford;  Professor T.  McEenny  Hughes,  F.R.S.^ 
and  Professor  W.  J.  Lewis,  of  Cambridge  ;  the  Rev.  R.  A.  Bullen, 
the  Rev.  G.  F.  Whidborne,  V.P.  Pal.  Soc,  the  Rev.  H.  H.  Winwood, 
Dr.  W.  T.  Blanford.  F.R.S..  Mr.  John  Hopkinson,  Professor  T.  Rupert 
Jones,  F.R.S..  Sir  Owen  Roberts,  Dr.  D.  H.  Scott,  F.R.S.,  Mr.  F.  W. 
Rudler,  F.G.S.,  and  Mr.  A.  Strahan ;  many  ladies  were  also  present 
The  presentation  address  was  delivered  by  Sir  John  Lubbock,  and 
the  Rev.  Professor  Wiltshire  responded.  Speeches  were  also  made 
by  Dr.  Woodward,  Professor  T.  McKenny  Hughes,  Rev.  G.  F. 
Whidbome,  and  the  Rev.  H.  H.  Winwood;  132  subscribers  took 
part  in  the  testimonial. 

Corrigenda. — In  Mr.  F.  Chapman's  paper  on  Pa^eZ/ttia-Iimestone, 
which  appeared  in  our  last  issue,  the  following  corrections  should 
be  made :  pp.  11, 12,  and  17,  for  Patellina  Egyptiensis  read  Fatellina 
^yptiensis ;  pp.  13  and  17,  for  Polytrema  papyracea  read  Polytrema 
papyraceum.  —  Also  on  p.  40,  line  20  from  foot,  for  "Applied 
Geology,"  read  "  Applied  Geography." 

1  Now  **  Lord  Avebury.'' 
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GoiriBXBunoN  to  Post-Olaoial  Oiologt. 
By  T.  Millard  Bbadb,  CJ!.,  F.G.S.,  F.R.I.B.A. 

(PLATE  V.) 

OF  THX  FOBMBT  AND  LbASOWE   MaBINB   BbDS. 


IH  18T1  I  lead  a  paper  before  the  Liverpool  Geological  Society 
iaaoribing  the  extensive  and  interesting  submarine  forests 
•od-  Modated  Post-Olaoial  beds  that  ooour  fringing  the  ooasts 
of  ObMbbna  and  of  South- West  Lancashire.^ 

Tbm  fint  known  desoription  of  these  fossil  forests  was  in  the 
0mSeman*8  Magazine  for  1796.'  Since  then  they  have  been 
described  by  Mr.  G.  H.  Morton  in  his  **  Geology  of  the  Neighbour- 
hood of  Liverpool,"  by  the  late  Mr.  Charles  Potter,  and  others,  and 
by  Mr.  C.  B.  De  Ranee  in  the  Memoirs  of  the  Geological  Survey ; 
and  have  formed  the  theme  of  vigorous  controversy  on  many 
occasions  at  the  meetings  of  the  Liverpool  Geological  Society. 

In  the  paper  referred  to  it  was  ray  endeavour  to  describe  aud  map 
out  the  relations  of  the  various  beds  over  the  whole  area  from  the 
mouth  of  the  Dee  to  the  mouth  of  the  Kibble,  and  to  show  that  they 
were  only  a  part  of  an  extensive  series  of  beds  of  the  same  age 
extending  round  the  British  Isles  and  the  opposite  coasts  of  France 
and  Belgium. 

Sinoe  the  paper  was  written  I  have  had  many  opportunities  of 
checking  the  accuracy  of  the  work  and  of  testing  the  conclusions 

*  **  The  Geology  and  Physics  of  the  Post-GIacial  Period,  as  shown  in  the  Deposits 
and  Organic  Remains  in  Lancashire  and  Cheshire"  :  Proc.  Liverpool  Geol.  Soc, 
Session  1871-72,  pp.  36-88,  illustrated  with  four  coloured  plates  of  maps  and 
sections.     See  also  Guol.  Mag.,  Vol.  IX,  pp.  111-119. 

*  Since  writing  the  above  I  have  found  an  earlier  nienti«>n  of  them  in  Dr.  Aikiu'.«; 
'*  Description  of  the  Country  from  Thirty  to  Forty  Miles  round  Manchost^jr,'* 
publishea  in  1795.  In  describing  Sephton  parish  he  says  :  •*  Alonj::  the  sea -shore, 
;ind  near  the  Grange  land-mark,  are  the  stumps  of  several  large  trees,  which,  by 
Seing  in  a  line  and  at  equal  distances,  were  undoubtedly  planted :  whence  it  would 
^oem  as  if  formerly  either  the  climate  was  not  so  rough,  or  the  sea  did  not  advance 
-io  far,  since  there  would  now  be  no  possibility  of  rainng  tri?e>.  in  the  s;inic  ^^ituation. 
It  appears,  however,  as  if  the  sea  had  formerly  overrun  a  sj:ood  deal  of  this  country. 
from  the  strata  of  sea-slutch,  moss,  sand,  and  shells  found  iu  various  yarls  ;  aud 
the  sea  now  again  seems  retiring." 

DSCJV^  jy — VOL.     Til. — so.    III.  \ 
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arrived  at  Thongh  I  might  add  farther  illnstrations  and  facta  to 
those  already  given,  as  indeed  I  purpose  doing  in  this  paper,  there  is 
very  little  in  the  original  work  that  needs  correction  or  idteration* 

In  1897,  with  Professor  A.  Benard,  of  Ghent  University,  I  had  an 
opportunity  of  seeing  the  excavations  of  the  new  Bruges  Canal  near 
Heyst  in  Belgium,  which  resulted  in  my  reading  a  paper  before  the 
Qeological  Society  of  London,  in  which  the  Microzoa,  especially  the 
Foraminifera  in  the  silty  beds  overlying  an  extensive  peat  bed,  are 
dealt  with  in  considerable  detail.^ 

So  much  struck  was  I  with  the  similarily  of  these  Belgian  Post- 
Glacial  deposits  to  those  I  had  mapped  out  and  sectioned  in 
Lancashire  and  Cheshire,  that  for  microscopical  comparison  I  took 
the  first  opportunity  that  occurred  to  get  specimens  of  the  shelly 
blue  clays  underlying  the  Peat  -  and  -  Forest  Bed  in  Cheshire. 
Mr.  Joseph  Wright,  F.G.S.,  of  Belfast,  with  his  usual  kindness,  has 
examined  them  for  me,  and,  I  am  pleased  to  add,  extracted  a  most 
interesting  assemblage  of  Foraminifera  which  form  the  subject  of 
this  paper.  It  will  be  observed  that  the  Belgian  beds  referred  to 
occur  above  the  main  bed  of  peat,  whereas  those  in  Cheshire  and 
Lancashire  occur  below  the  superior  peat  bed.  The  synchronism  of 
the  beds  will  be  discussed  later  on. 

The  Superior  Peat-and-Forest  Bed  is  exposed  in  a  continuous 
section  along  the  shore  from  the  west  end  of  the  old  Wallasey 
Embankment  to  a  spot  between  Dove  Point  and  Hoylake.  Many 
stools  of  trees  rooted  in  the  clay  and  silt  below  are  still  to  be  seen, 
but  the  whole  bed  has  been  much  reduced  in  area  by  the  denudation 
of  the  sea  since  my  survey  of  1871  was  made.  The  peat  has  also 
been  stripped  o£f,  so  that  where  formerly  it  was  several  feet  thick 
it  is  now  reduced  sometimes  to  one  foot  or  less.  'Underlying  this 
Upper  or  Superior  Peat-and-Forest  Bed  is  a  blue  silty  day,  which 
is  now  nowhere  exposed  for  a  greater  depth  than  from  two  to  three 
feet.  It  is  this  clay  which  I  have  classed  with  a  similar  bed  in 
Lancashire  under  the  name  of  the  Formby  and  Leasowe  Marine 
Beds,  and  from  which  the  specimens  yielding  Foraminifera  were 
taken.  At  places  there  are  still  some  exposures  of  a  second  bed  of 
peat  underlying  the  Formby  and  Leasowe  bed.  This  bed  is  known 
as  the  Lower  or  Inferior  Peat-and-Forest  Bed,  and  it  in  turn  rests 
upon  the  Boulder-clay  which  is  also  exposed  in  the  western  end 
of  the  series  of  beds  described.  I  may  add  that  this  series  is  the 
thinned-out  shore  margin  of  these  Post-Glacial  deposits. 

Description  of  Specimens, 

Specimen  No.  1  was  taken  about  a  quarter  of  a  mile  east  of  Dove 
Mark  from  the  blue  silt  lying  between  the  Superior  Peat-and-Forest 
Bed,  which  is  here  about  1  foot  thick,  and  the  Inferior  Bed,  here 
only  a  few  inches  thick.  The  blue  silt  (Formby  and  Leasowe 
Marine  Beds)  was  only  2  feet  thick,  and  contained  much  vegetable 
matter  in  the  shape  of  traversing  fibres.     Below  the  Inferior  Peat 

^  *•  Tost- Glacial  Beds  exposed  in  the  Cutting  of  the  New  Bruges  Canal*': 
Q.J.G.S.,  Tol.  Uv  (1898),  pp.  576-581. 
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«U  a  bed  of  bluish  clay  about  7  incliea  thick,  full  of  pebbles, 
many  of  which  were  gldcinlly  faaetted.  Thie  was  evidently  the 
rpdiglributed  Bouliler-clay  derived  from  the  browu  Boulder-clay  on 
which  it  rested,  which  was  only  exposed  about  6  iuchos  in  depth. 

Specimeu  2  was  taken  from  this  brown  Boulder-clity,  but  it  was 
only  a  surface  epeoimen,  much  perforated  by  rootlet  tubes. 

It  will  be  seen  from  this  description  that  the  paucity  of  Fora- 
miaifi-ra  in  epecimens  Noa,  1  and  2  is  not  Burprising. 

Specimens  Nos.  3  and  4  were  taken  from  the  blue  clay  (Formby 
and  Le&aowe  Marine  Bods)  a  little  west  of  the  west  end  of  the  old 
Wallasey  Embankment,  at  a  depth  of  18  inches  below  the  Superior 
Peat  and  horizontally  about  20  feet  apart.  Here  were  found 
oomerous  Bpeoimeos  of  Serohietdariapiperata,  vertical  aa  in  life,  with 
bo^  valves  unit»d  but  in  a  veiy  chalky  condition.  This  was  a  good 
representative  of  the  Scrotiieularia  Clay  of  the  Formby  and  Leasowe 
Uarino  Beds,  and  yielded  Foraniinifera  in  profusion. 

No.  5  is  a  specimen  of  brown  Boulder-olay  taken  between  Dove 
Point  and  Hoylake  at  a  greater  depth  than  apeoimen  No.  1 ;  the 
capping  of  redistributed  blue  clay  and  pebbles  and  Inferior  Peat 
and  Forest  Bed  was  more  developed,  and  good-sized  roots  traversed 
ihem,  striking  into  the  Boulder-clay  below.  This  was  (ui  outlier 
of  the  Inferior  Peat -and- Forest  Bed,  the  Superior  Pent  and  Formby 
and  Leasowe  Beds  appearing  on  a  higher  level  of  the  shore 
immediately  opposite  the  outlier.  Ur.  Wright's  report  showa  th&t 
notwithstanding  the  shallow  depth  at  which  the  speoiman  of 
Boulder-clay  was  taken  it  contained  eleven  species  of  Foraminifera. 
The  relations  between  those  Glacial  Foraminiforn  and  the  Post-Glacial 
(urms  will  be  discussed  later  on. 

Beportbi/Mr.Joteplt  Wright,  F.G.S. 

No.  1,  from  between  upper  and  lower  peat  beds,  Leaaowe  Shore, 
Weight  of  clay,  15-8  oz.  troy-  After  washing,  -8  oz.  fine  ;  no  ooarse. 
Clay  very  fine  and  containing  a  large  quantity  of  vegetable  matter. 
Only  one  Foraminifer  was  obtained ;  it  was  a  weak  specimen  of 
TTockammina  injlaia. 

No.  2-  Brown  Boulder-clay,  under  lower  peat.  Weight  of  olay, 
184 OS.  troy.  After  washing,  28 oz.  fine  ;  't>  ooarse.  Most  of  the 
ttones  more  or  less  rounded,  one  of  them  showing  faiot-striea.  Clay 
nontaining  a  large  quantity  of  vegetable  matter.  Foraminifera  very 
rare,  only  three  specimens  of  Polt/itomella  gtriato-punctala. 

No.  3.  Blue  olay  with  Serobiciilaria  in  »M.  Weiglit  of  olay, 
lT-8oj!,  troy.  After  washing, -56  oz.  fine;  '01  coarse.  Fragments 
of  shells  only.  Clay  containing  a  quantity  of  vegetable  matter. 
Foraminifera  moat  abundant. 

FOEAMINIFERA. 
'  Jfilidfimt  lemmulum  (Liimf).     One  s^imeu. 

Canmspira  iittolvetu,  Rss.     One  epeciraen. 
'  Tneiamuiiiia  in/ala  tiloatag.].     Very  common.     {PI.  V,  Fig.  1.) 
*  Tt^tutaria  flotaUia,  £hr.     Freqaeat.     (PI.  T,  Fig.  2.) 
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•  Bulimina  pupoidet,  D'Orb.    Common.    (PL  V,  Fig.  3.) 
marffinata,  D'Orb.    Bare.     (PI.  V,  Fig.  4.) 


„       fusifirmia,  Will.    Frequent.     (PL  V,  Fig.  ^ 


•  „        eUgantmima,  D*Orb.     Very  common.     (Pi.  V,  Fig.  6.] 

•  Botivina punctata,  D'Orb.    Very  common.     (PL  V,  Fig.  10.) 

•  „       plicaia,  D'Orb.    Very  common.     (PL  V,  Fig.  7.) 


y,        ktvigata  (Will.).    Very  rare. 
„        rfi/romt#  XWiU.)^    Rare. 

>> 
»ff 


dilatata,  Hss.    Freqaent. 
obtoUta,  Eley.    Very  rare.     (PL  V,  Fig.  8.) 
„  „      Tar.  wrra^a,  Nov.   Frequent.    (PL  V,  Fig.  9.)    Thiifonnd 

from  B.  ob$oUta  in  the  segments  being  more  obliquely  set,  and  i 
marginal  ends  projecting,  especially  in  the  later  segments ;  speci 
very  small. 
Catiidulina  erasaa,  D'Orh.     Very  common.     (PL  V,  Fig.  11.) 
Lofftna  globoaa  ( Montag.) .    Rare. 

Ubvu  (Montag.).    Frequent.    (PL  V,  Fig.  12.) 
eUwata  (D'Orb.J.    Frequent.     (PL  V,  Kg.  13.) 
tulcata  (W.  &  J.).    Very  rare.     (PL  V,  Fig.  U.) 
aemistriata,  Will.     Frequent. 
hexaffona  (Will.).     Rare.     (PL  V,  Fig.  16.) 


» 
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aquamota  (Montag.).    One  specimen. 

Vi 


Imvigata  (Rss.).    Very  common. 

lueida  (Will.).    One  ^ecimen. 

Orhignyana  (Seg.).     Very  rare. 

marginata  (W.  &  B.).     Very  common.     (PL  V,  Fig.  17.) 
Nodoaaria  tammunia^  D'Orb.     Bare,  fragments. 

,,        pynUa,  D*Orb.     Bare,  fragments. 
BKabdoganinm  triearinatum,  D'Orb.     Very  rare. 
Oriatellaria  rotttlata  (Lamk.).     Bare. 

•  „         erepidula  (F.  &  M.).     One  specimen.     (PL  V,  Fig.  16.) 

•  Polymorphina  laetea  (W.  &  J.).     Very  rare. 
Uvigerina  Canariemia,  D'Orb.     Very  rare. 

•  „         anguloaay  Will,     Very  common. 

•  Ohbigerina  bulloidea^  D*Orb.     Very  common.      (PL  V,  Fig.  18.) 

•  ,,         cretacea,  D'Orb.    Very  common.      (PL  V,  Fig.  19.) 

•  Orbulina  universal  D'Orb.     Very  common. 
Spirillifia  vivipara^  Ehr.     Very  rare. 

•  FataUina  corrugata,  WUl.     Very  rare.     (PL  V,  Fig.  20. 

•  Diaewbina  globulari*  (D'Orb.).     Rare.     (PL  V,  Fig.  21.) 

•  ,,         rosacea  (D'Orb.).     Very  common. 

•  t»  Wrightii,  Brady.     Very  common. 

•  Truneatulina  lobatula  (W.  k  i.).     Frequent. 

•  Puhinulina^  sp.  near  P.  auricula  (F.  &  M.).     Rare. 

•  Botalia  Becearii  (Linne).     Very  common.     (PL  V,  Fi?.  22. 

^  Nonionina  depreaaula  (W.  &  J.).     Most  abundant.     (PI.  V,  Fig,  23.) 
„         pauper  at  a^  B.  &  W.     Frequent. 
,,         turgida,  Will.  (?).     One  broken  specimen. 

•  Polyatomella  atriato-punetata  (F.  &  M.).     Most  abundant.     (PL  V,  Fig.  24.) 

Ostracods  common. 

In  this  clay  medium-sized  specimens  both  of  Nonionina  depress 
and  Polystomella  striato-punctata  are  in  great  profusion  and  in  1 
preservation,  the  other  Foraminifera  being  for  the  greater  part  sn 
or  very  small  in  size.  The  Arenacea  are  represented  only 
Troehammina  inflata,  some  of  the  specimens  being  large  in  size ;  f 
only  two  specimens  of  the  Porcellanea  were  obtained,  viz.,  one  » 
of  Miliolina  seminulum  and  Comuspira  involvens. 

No.  4.    Blue  clay  with  Scrohicularia  in  situ  taken  18  inches  bel 
apper  peat.     Weight  of  clay,  31-2  oz.  troy.      After  washing,  -8 
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Su;  -OOSoz.  coarse  fragraeuts  of  shells  <m\y.  ■'•  City  oontaioiog 
aqnanlit;  of  Togetable  matter.     Foraiuinifera  most  bband ant. 

FORAinSIPEltA. 
'Xiliclina  teminuliim  (tinne).     One  apecimen. 

SKipluit  ncrrpiirMi,  Mantf.     One  small  sp^ciraen. 

El^piraymium  Canarienti  (D'Orb.).     una  speciraen. 

TncAoMMina  tguamatii,  1.  k  F.     One  amall  apecimeu- 
'         „  wyUfafMontug.).    Very  tare, 

*  TabJaritt  gltbidota,  Ehr.     Commoa. 
Stadryiiia  JU^fotmii,  Berth.    One  spedroen. 

*  tt&miia  pufcidtt,  D'Otb.    Very  comiDoa. 

„       margtHOta,  D'Orb.    Frequent. 
„       /unfarmU.  Will.     Commoit. 

*  „       tUfanUtiima,  D'Hrb.    Veij  ctnnmoii. 
TstfuRna  Schrrtbtrnaaa,  Ct.     Very  rare. 

*  telMna  punctata,  D'Orb.    Very  common. 

*  „  ylteala,  D'Urb.     Very  cammon. 
„  larij/ala  (Will.)-    Kare. 
„  dijormii  (Will.).     Common. 
„  dilalalB,  Uss.     Frequent. 

'     „      tlicUfa,  var.  •errata.  Not.    Frequent. 
CuMjHlina  htrigata,  D'Orb.     Bnra. 
'       ■■         irojia,  C'Orb.    Very  common. 
'U/mcghiou  (Montag.).     Common. 

*  „      linntla  (Will.).     Froqutnt. 

*  ,.      lerij  (UontiLg.).    Camnion, 
'    „      etarala  (D'OrbJ.    Common. 

*  „      tHleala  (W.  ±  J.).     Common. 

*  „  JFillia'Xumi  (AlcocV).    Very  me. 
,,  «(r<n(a  (D'Orb.).     Riire. 
„  jft,utriM^,  Will.     lUro. 
,1  tfuoMua  (Montsg.).     One  epedmen. 

'     „       hezagena  (Will.).     Frequent. 
„      litvifala  {Raa.).    Very  common, 
„      iKcida  CWill.).     Frequent. 
„      guadrala  (WiU.).     Very  rare. 
'    „      narpinata  IW.  &  B.).    Very  common. 
^      „       Utannata  (Teiq.).     One  specimen. 
„       QriiynyaHa  (Seg.).     Bare. 
„      lagauida  (Will.).     Very  rare. 

„      clalhrala,  Br.     £longiite  pyrifono  TAiety.     One  amall  «p«eimen. 

Iftdmaria  radieula  (Linn^) .     Very  nn. 

„        ealomoTpha,  Bu.     Very  rare. 

„        pj/nUa,  D'Orb.    Very  rare. 

*       „         ofamuni,.  D'Orb.      Very  rare. 

„        oiltqma  (Lion§).    Yery  rare. 
Sitidegoniutn  Iricarinalim,  D'Orb.     Bare. 
Critltllaria  retiilaia  (Lsmk.).     Very  common. 

„  tr^iidula  (F.  ±  M.).  Bare. 
PtltmorpkiHa  heUa  (W.  ft  J.).  Bare. 
Oriftrina  dmarinuw,  D'Orb.     Very  rare,  apeclmeni  broken, 

MgulMa,  Will.    VeiT  common. 
OtaiiftTiita  tuUaidt,  D'Otb.     Very  common. 

fWtoflw,  D'Orb.    Very  common. 
OrWtiM  univena,  D'Orb.     Very  commoa. 
^iriSHM  tiripara,  Ehr.     One  small  apecimen. 
l^UUina  earrvgata.  Will.     Rare. 
iHterbiiia  gMvtarit  fp'Oib.).     Rare. 
maem,  D'Orb.     Very  con 
WrigMii,  Bndy.    Veij  ct 
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JH$e&rbina  tuhevtuhftf,  6.  &  W.    Very  rare. 

*  TruneatuUnalgbAMa  (W.  k  J.).    Very  common. 
Pulvinulina  Aar/t^ni  (Ras.).    Kare. 

*  »f     /•.sjK  near  aMrtcuto  (F.  &  M.).    Rare. 

*  Rotalia  Btt^fni  (linnd).    Very  common. 

*  Nonionfna 4^^"*^  ( W.  &  J.).     Most  abundant. 

.   >t    *  *  jMuperata,  B.  &  W.    Common. 
'•^        <Mr(9i<fa,  Will.    Very  rare. 
,,*.      iteiligera,  D'Orb.    Rare. 
^  ^olKHomella  itriato-punctata  (F.  &  M.).     Most  abundant. 

. '  i)itracodB  very  common. 
• 

.*  The  Foraminifera  in  this  gathering  are  very  similar  to  those 
obtained  from  the  previous  sample  (No.  3).  Medium-sized  speoimens 
of  Botalia  Beccarii,  Nonionina  depreaaula,  and  Polyatomellu  atriato- 
punctata  ooour  in  great  profusion,  the  other  species  being  for  the 
greater  part  small  or  very  small  in  size. 

No.  6.  Boulder-clay.  Weight  of  clay,  28  oz.  troy.  After  washing, 
2*6  oz.  fine ;  *65  oz.  coarse.  The  gi-eater  portion  of  the  stones  more 
or  less  rounded.     Foraminifera  frequent. 

FORAMINIFERA. 

Miliolina  teminulum  (Linn6).     One  specimen. 
SoUvina  plicata,  D'Orh.    Very  rare. 
Cauidulina  er<uBa^  D'Orb.    Very  rare. 
Lagefia  sulcata  (W.  &  J.).     One  specimen. 

,,     UiBvigata  (Rss.).     Very  rare. 
CrUtellaria  rotulata  (Lamk.).     One  specimen. 
Olohigerina  bulloides^  D*Orb.    One  specimen. 
JHseorbina  rosacea  0'Orb.).     One  specimen. 
Rotalia  Beccarii  (Lmnd).     One  specimen. 
Nonionina  depressula  (w.  &  J.).     Common. 
PolystotneUa  striato-punciata  (F.  &  M.).     Frequent. 

The  species  marked  with  an  asterisk  occur  in  one  or  other  of 
the  Heyst  deposits  of  the  new  Bruges  Canal,  viz.  the  "Argile 
des  polders  superieure,"  the  "  Cardium  Sand/*  or  the  "  Scrohicularia 
plana  (piperata)  Clay."  Some  of  the  Boulder-clay  forms  also  occur 
in  the  Heyst  deposits,  but  these  are  not  marked,  as  it  is  wished  to- 
confine  the  comparison  to  beds  of  the  same  age. 

A  comparison  of  this  list  of  Foraminifera,  consisting  of  68  species 
in  all,  with  that  of  the  Bruges  beds  already  referred  to,  shows  that 
there  are  34  or  half  of  the  species  in  common.  Globigerina  cretacea, 
a  notable  form  which  is  common  to  both,  does  not  occur  as  a  recent 
species  in  the  British  Isles,  and  in  consequence  Mr.  Wright  thought 
that  those  in  the  Bruges  silts  were  not  native  to  the  deposits,  but 
derived  from  Cretaceous  beds  in  the  neighbourhood.  The  discovery 
of  Olohigerina  cretacea  in  abundance  in  the  Leasowe  under-day 
shows  that  the  species  are  here  indigenous,  as  there  are  no  Cretaceous 
beds  in  Cheshire  or  adjoining  counties  from  which  they  could  be 
derived. 

Mr.  Wright  also  observes  that  the  interiors  of  Foraminifera  fron^ 
our  Chalk  are  filled  with  silica,  so  that  when  placed  in  muriatic  acid 
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the  tesU  of  the  shells  only  are  affected  hy  it,  the  oasts  being 
analtcretl.  On  placing  some  of  the  LeiiBOwe  Bpecimene  in  the  acid 
tfaey  all  effervesced  away,  showiog  that  tUey  could  not  hare  been 
derivalire  from  the  Chalk,  and  must  have  lived  where  now  found. 
On  testing  tbe  Bruges  specimens  with  acid  the  snino  thing 
happened  with  no  siliceous  remainder,  so  that  I  think  Mr.  Wright 
is  jostified  in  now  thinking  that  this  epeciea  was  living  where  found 
in  the  Brngea  sand  and  ailt. 

Textnlaria  rflobnlosa  is  a  form  very  rare  in  Brilish  waters,  but 
oommun  in  the  Chalk,  occurs  in  abundance  in  the  Leasowe  Beds,  and 
aUo  in  the  Bruges  silt.  Globiijerina  ertlaeea  was  found  rare  in 
tbe  Boolder-alay  at  Riverside,  Seooombe,  Cheshire,  and  Texlutaria 
globulota  very  rare  in  the  Crosby  Boulder-cliiy.  (See  Proc.  Liver- 
pool Geol.  Soo.,  ToL  viii,  sessioa  1898-99,  p.  301,  and  ibid.,  vol.  vVi, 
seesion  1895-96,  p.  389.) 

The  Poit-Glaeial  Depoiilt  reprcient  a  well-marked  Geological 

Epiiode. 
As  I  have  proved  in  many  previous  papers,'  ibose  marginal  bed* 
around  our  Island  contain  records  of  several  oscillations  of  the  level 
of  the  land,  cumulatively  giving  evidence  of  a  woll-marked  period  of 
time  between  the  dying  out  of  tbe  Glacial  epcob  and  the  incoming  of 
historic  time. 

It  ia  well  worthy  of  note  that  the  deposits  bear  a  characteristic 
physical  reiemblanoe  to  each  other,  wbetbar  found  in  England, 
Scotland,  Ireland,  or  Belgium,  being  evidenoe  of  the  widespread 
and  persistent  nature  of  the  conditions  under  whioh  they  were  laid 
down.  The  fanua  and  flora  are  analogous,  and  we  further  find  tbe 
gUts  associated  with  Serabiadaria  piperata  are  distinguished  by  the 
presence  of  Glohigerina  erelaeea,  a  species  of  Foraminifera  not  now 
found  living  in  the  British  Isles.  The  peat-and -forest  beds  show 
that  our  Islmd  was  oovered  with  forest  trees,  of  which  this  marginal 
band  has  been  preserved  by  being  oovered  up  with  a  growth  of  peat 
and  deposits  of  silt,  sand,  and  blown  sand.  There  is  good  evidenoe 
that  the  olimate  of  this  period  was  milder  and  more  oontinental  than 
the  present  one- 
It  may  be  noted  as  interesting  that  the  royal  fern,  Oammda 
rtgalit,*  is  found  in  the  superior  peat  at  tlie  Alt  mouth,  and 
also    what    is    not    nnoommoa    in    peat    beds,    viz.    the    wing 

>  8m  pagers  prerioiulj  lefbrred  to ;  alio  manj  minor  papers  in  the  Proceedings  of 
ttM  6cok)gioal  Socdetj'  of  LiTaipool,  and  the  [ollowing:  "A  Frobism  for  Insh 
Geologiita  in  Poat'Glacial  QeolofTji"  Jonm.  Koj.  Geol.  Soc.  Ireland,  x.t.,  vol.  ii, 
pt.  4,  pp.  2fi5-2ea ;  "  OMiUationa  in  the  Leiel  of  the  Land  u  shoirn  b;  ttie 
Boned  BiTer-Vallejs  and  Later  Depcuta  in  the  NatshlKiaThood  of  LireriKwl," 
Oaoi.  H«a.,  1SS6,  ^.  lSS-192.  Xi  bearing  upon  the  tame  mbject,  lee  also 
aa  exeelknt  paper  bj  Ur.  A.  Strahan,  "  On  tJubmrared  I^nd  Sortacec  at  Bairr, 
Glamonaaahira,"  with  notes  on  the  Fauna  and  Floni  bj  Mi.  Clement  Eeid; 
QJ.O.S.,  vol.  lii  (ISSfl},  pp.  474-496. 

'  I  (howed  this  fem  embedded  in  the  peat  to  the  memben  of  aa-  eicunion 
paitr  of  Seetiaa  C  at  the  tveDtr-foarth  meeting  of  the  Biitiih  Ajiociation  at 
limpoal,  ISM. 
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oases  of  beetles.  When  the  Post-Glaoial  deposits  rest  on  Boulder- 
olay,  as  is  oommonlj  the  case,  and  a  seotion  displays  both,  the 
differenoe  of  the  deposits  are  so  striking  that  a  novioe  may  at  once 
pronoonoe  upon  them.  It  is  noticeable  that  the  snrfaoe  of  the 
Bonlder-olay  under  the  Post-Glaoial  deposits  is  deeply  eroded  by 
subaerial  aotion,  indicating  that  the  land  was  at  that  time  at  a  higher 
level  than  now  with  respect  to  the  sea.  The  silt  and  Serabicularia 
clays  containing  the  profusion  of  Foraminifera  detailed  in  the  pre- 
ceding lists  are  equally  a  sign  of  the  subsequent  submergence  of  this 
Boulder-clay  surface  to  a  depth  marked  generally  by  the  25  feet 
contour-line.  The  Superior  Peat-and-Forest  Bed  is  again  a  sign  of 
following  subaerial  conditions  succeeded  by  a  depression,  for  much  of 
it  is  now  washed  over  by  the  tides. 

The  last  movement  of  the  land  was  downwards  at  Formby  and 
Leasowe,  and  it  appears  to  me  to  have  been  the  same  in  Belgium. 
As  I  have  before  observed,  the  Bruges  Canal  or  Heyst  silts  lie  above 
the  peat,  whereas  the  Leasowe  silts  lie  below.  If  the  Heyst  peat  is 
of  the  same  age — ^and  it  is  certainly  not  older  than  the  Superior  Peat- 
and-Forest  Bed  at  Leasowe — the  Belgian  silts  I  have  described  are 
not  so  old  as  those  at  Leasowe,  but  they  nevertheless  belong  to  the 
same  series  of  beds.^  This  group  of  beds  is  a  geological  object- 
lesson  of  a  cbmparatively  recent  date,  showing  that  geological  periods 
are  records  of  a  similar  kind,  but  on  a  larger  scale  of  widely  pre- 
vailing physical  conditions. 

Belative  to  these  conditions  it  is  interesting  to  find  that  the 
Boulder-clay  on  which  the  group  rests,  though  so  markedly  different 
in  physical  constitution,  possesses  a  foraminiferal  fauna  of  much  the 
same  character,  though  of  a  more  stunted  growth.  Even  in  this  little 
surface  exposure  one  of  the  specimens  of  Boulder-clay  yielded  eleven 
species  of  Foraminifera,  and  if  it  were  possible  to  get  specimens  from 
a  depth  of  10  or  20  feet  it  would  no  doubt  yield  them  in  the  same 
profusion  as  the  Boulder-day  at  Great  Crosby,  Lancashire,  or  Biver- 
side,  Seacombe,  Cheshire.'  The  species  found  in  the  Leasowe  Beds 
have  doubtless  lived  through  the  Glacial  seas,  nevertheless  the  two 
periods  or  episodes  are  so  physically  different  that  no  geologist  could 
mistake  one  for  the  other. 

The  artistic  figures  given  in  the  Plate  accompanying  this  paper 
are  by  Mr.  Bobert  Welsh,  of  Belfast,  and  I  am  greatly  indebted  to 
him  and  Mr.  Wright  for  enabling  me  to  illustrate  the  leading  species 
in  such  a  satisfactory  manner.  Being  photographs  of  the  actual 
specimens  obtained  from  the  Leasowe  deposit,  they  are  instructive  as 
showing  the  relative  sizes  of  the  different  species  as  they  occur  in 
the  deposit. 

^  There  is  a  very  eood  engineering  description  of  the  works  of  the  new  Bruges 
Ship  Canal  bj  Mr.  Ycmon  Harcourt  in  the  Minutes  of  Proceedings  of  the  Institute 
of  Civil  Engineers,  vol.  cxxxvi  (1899),  pp.  283-295,  with  plans  and  sections. 

*  *'  The  Gypsum  Boulder,  Great  Crosby  "  :  Proc.  Liverpool  Geol.  Soc,  1898-99, 
pp.  347-356.  "Foraminiferal  Boulder-clay,  Riverside,  Seacombe,  Cheshire": 
ibid.,  pp.  357-364. 
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(PUTE  TI.) 

FOB  finKDMiite  of  ft  lugs  oephtlopod  (from  tbe  OArboniferoaa 
linwstona)  wen  oidiwied  by  Profeuor  Hnghei'  mrtj  in  1892 
<t  Sotrlett  Qaany,  lilt  of  Han.  Oa  fitUog  thi«a  of  Uimb  togethm: 
tbiff  wn»  fiwad  to  oompoM  nearl;  the  complete  thell,  and  in 
>  inffleiaDtlj  good  ttate  of  prewrTation  to  vomnt  dewripU<m. 
1^  Ibnttli  frifinieat  ia  a  oaat  of  a  portion  of  the  extemal  anrfiKie. 
Hr.  G.  C-  Oriok  has  expreBsed  hU  opioioo  that  (hey  represeat  a  new 
'      ipeciea  and  probably  a  new  eubgenus  or  genus. 

DiAONOSis. — Shell  disootdal,  oompreBsed ;  whorla  in  contact,  but 
not  overlapping ;  nmbilicns  wide,  shallow,  exposing  all  the  whorU ; 
no  oentral  vacuity ;  rolutions  rapidly  increasing  in  width.  Whorls 
eight  in  nnmber,  laterally  compressed  and  flattened,  twice  as  high  aa 
broad.  The  two  outer  whorls  form  nearly  four-fiUhs  the  diameter  of 
(he  ahell,  and  have  steeply  sloping  walls  to  the  umbilicus.  The 
onter  whorl  has  its  aides  weakly  oonvex  for  the  inner  two-thirda  of 
ite  width  and  orosaed  by  abont  thirty  traDBverse  rounded  plioationa, 
wfaioh  are  strongeat  about  the  middle  portion  of  the  whorl,  but 
become  gradually  weaker  towards  the  beginning  of  the  second 
whorl,  and  alao  towards  the  aperture,  dying  out  completely  a  abort 
distance  from  it.  The  outer  foorth  of  this  whorl  is  not  orosaed 
by  tbeae  plications,  but  is  deeply  ezoavated  into  a  broad  marginal 
groove  bordered  by  the  sharp  edge  of  the  ventral  side.  Ventral 
(peripheral)  aide  rather  leas  in  width  than  diameter  of  whorl, 
flattened  or  slightly  concave  with  projecting  edges  overhanging 
the  marginal  groove  on  tbe  sides.  Dorsal  aide  narrow,  about  one- 
fonrth  tbe  width  of  ventral  side,  marked  by  shallow  groove  where 
in  contact  with  next  wborl.  Second  whorl  with  very  weak  or 
obsolete  transverse  plications,  and  the  marginal  groove  vetr 
•hallow  and  gradually  dying  cut.  Inner  whorls  poorly  preserved, 
bot  with  nearly  flat  sides,  devoid  of  transverse  plications  and 
marginal  groove.  Aperture  vertical,  narrow,  lanceolate,  with  lideB 
prodnoed  obliquely  forwards  to  ventral  rostrum.     The  a\d«a  dC 
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the  outer  whorl  near  the  aperture  beoome  slightly  swollen,  and 
then  are  suddenly  depressed  to  the  level  of  the  marginal  groove^ 
the  ventral  side  at  the  same  time  considerably  narrowing  and 
losing  its  overhanging  edges  and  being  produced  apparently  into 
a  pointed  rostrum.     Septa,  sutures,  and  siphunole  not  preserved. 

Measubimints. — Diameter  of  shell,  13' -15'' ;  height  of  month, 
4i";  width  of  ditto,  1  J". 

Bemabks. — The  only  speoies  which  has  a  general  resemblance 
in  possessing  transverse  plications  and  an  overhanging  concave 
ventral  side  is  Oyroeeras  {Trigonoceraa)  aigoeeras  (Miinster),^  bat 
as  it  consists  of  only  two  whorls,  which  are  not  in  contact,  are 
of  much  greater  breadth,  and  have  a  sharp  keel-like  dorsal  side, 
the  resemblance  is  not  very  close.  Moreover,  so  far  as  we  know, 
the  mouth  did  not  possess  tlie  important  features  which  we  find  in 
the  Manx  form.  There  is  no  species  of  Oyroceraa  with  which  I  am 
acquainted  exhibiting  these  characteristics,  and  it  seems  impossible 
to  attribute  our  new  form  to  this  genus  or  to  Diaeitea,  Pleura- 
natUilua  has  a  closely  coiled  shell  with  transverse  ribs;  but,  on 
the  other  hand,  a  rather  large  central  perforation  is  present. 
Mojsisovics'  has  remarked  on  the  relations  between  O.  aigoceraa  and 
PUuranautilua,  and  it  seems  advisable  for  the  present  to  place 
our  new  form  in  the  latter  genus,  though  probably  a  subgenus  or 
genus  will  have  to  be  made  to  contain  it  (which  might  appropriately 
receive  the  name  of  Hubonioceraa  from  the  ancient  name  of  the  Isle 
of  Man).  Until  we  know  the  suture-lines,  septa,  and  siphunole  it 
will,  however,  be  wiser  to  associate  it  with  PleuronautiluB. 

EXPLANATIO:^    OF    PLATE   VI. 

PUuronautilut  ?  searleUennis,  sp.  nov.    Carboniferous  Limestone  :  Scarlett  Quarry, 

Isle  01  Man.     Ono-third  nat.  size. 

1.  Body-chamber  of  shell. 

2.  Part  of  out€r  whorl. 

3.  Inner  whorlfl  of  shell. 

4.  Cast  of  surface. 

6.  Transverse  section  of  Fig.  I  near  the  mouth  at  a. 
6.  Transverse  section  of  Fig.  1  at  b. 


III. — On    some    Minor    British    Earthquakes    of    the    Ykabs 

1893-1899. 

By  Cha&lss  Davison,  Sc.D.,  F.G.S. 

DURING  the  seven  years  1893-1899,  42  earthquakes  have  been  felt 
iu  Great  Britain — 28  in  England  and  Wales  and  14  in  Scotland.^ 
ALL  of  the  latter  number  visited  areas  whioh  are  thinly  populated, 
and  it  has  therefore  been  impossible  to  draw  the  boundaries  with  the 
aoouracy  that  is  to  be  desired.     In  the  English  earthquakes  thia 

*  Miinster,  **  Cyrtoecra  aigokerot  (1838)  "  :  Beitr.  r.  Pctrefact.,  2nd  ed.,  Heft  i 
(1843),  p.  66,  t.  i,  tigs.  7a,  lb ;  t.  ii,  fig.  1.  Foord :  Cat.  Fo88.  Ceph.  Brit.  Mas., 
pt.  ii  (1891),  p.  72,  and  references. 

*  ''  Die  Ceph.  d.  Medit.  TriasproY." :  Abhandl.  d.  k.  k.  geoL  Beicbs.,  Bd.  x 
(1882),  p.  73. 

'  The  cost  of  inTCstigating  all  these  earthquakes  was  defrayed  from  granti  which 
I  had  the  honour  to  receive  from  the  GoTemment  Research  Fund. 
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difScnltjr  is  seldom  eacountered,  and  the  failarei  are  generally  due 
to  the  confusion  cnusod  by  the  rather  rapid  nuccession  of  the  sbocke. 

The  number  of  earthquakes  mare  or  loas  briefly  described  in  this 
paper  is  19,  and,  with  few  exceptions,  I  have  not  been  able  to 
(wrrelat©  them  with  known  faults.  It  should  uot  be  inferred  from 
this  that  the  shocks  owe  their  origin  to  some  other  ouuse  than  fault* 
slipping;  for.  in  nearly  every  case,  Ihe  eiiioenlrat  region  l»  one  la 
wbioh  it  is  diffionlt  to  detect  faults.  It  is  possible,  indeed,  that  the 
careful  study  of  an  earthquake  may  form  a  useful  supplement  to 
the  methods  which  are  nt  the  disposal  of  the  field -geologist 

Explanation  of  Map-SymboU. — In  a  weak  earthquake,  every  place 
of  observatioa  can  generally  be  marked  on  the  map;  and,  without 
cnaking  nse  of  a  wide  range  of  symbols,  it  is  convenient  to  employ 
signs  to  represent  the  perception  of  the  shook  and  sound.  In  all  but 
one  of  the  following  maps,  a  sqnaw  indicates  that  the  shook  was 
felt,  a  triangle  that  no  mention  la  made  of  Ihe  shook  or  that  Its 
pettwption  was  doubtful,  and  a  circle  that  no  shoak  was  felt.  A 
figure  entirely  filled  in  denotes  that  the  sound  was  beard,  one  Ualf- 
filled  in  that  no  mention  is  made  of  the  sound  or  that  its  jiereeptioa 
was  doubtful,  and  one  not  filled  in  at  all  that  uo  sound  was  beai'd. 


Liil  of  Barthqualtet,  1893-189^. 

1893,  Jan.  2,  T.20  p.m.     Glen  Oarry. 
Aug.  3,  6.41  p.m.     Leicester, 

Nov.  2,  6.45  p.m.     Pembroke  (principal 

earthquake). 
„        6.1  p.m.     Pembroke. 

about  6.16  or  6.20  p.m.     Pembroke. 
Nov.  3,  about  1  a.m.    Pembroke. 
Dea  11,  about  3  p.m.     Qlen  Garry. 
Deo.  30,  11.20  p.m.     Somerset. 
Deo.  31,  12.28  a.m.     Somerset. 
„        about  4  a.m.     Somerset. 

1894,  Jan.  12,  about  11.66  p.m.     Fort  William. 
Jan.  23,  about  9  a.m.    Exmoor. 

Jan.  2S,  1.7  p.m.     Glen  Oarry. 

Marob  8,  about  midday.     Annandale. 

Hay  14,  in  the  afternoon.     Annandale. 

July  12,  about  11  p.m.     Comrie. 

Sept  18,  10.10  a.in.     Glen  Garry. 
1B96,  Jan.  9,  about  6.46  a.m.     Fort  William. 

Joly  12,  about  7.40  a.m.     Comrie. 

Ang.  27,  about  12.30  p.m.    Cornwall. 
1696,  Jan.  26,  6.50  a.m.    Goraw&IL 

May  29,  4.47  a.m.     Annandale. 

June  6,  early  in  the  morning.     Glen  Nevis. 

Deo.  16,  about  11.0  or  11.30  p.m.    Hereford. 

Dao.  17,      „      1  a-m.     Hereford. 

„  „      1.30  or  1.45  ajD.    HeceEord. 


J. 
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1896,  Deo.  17,  about  2  a.m.    Hereford. 
'    „  »>      3  a.111.    Hereford. 

,y  yy      3.30  a.m.    Hereford. 

,y  „      4  a.in.    Hereford. 

5  a.m.    Hereford. 
,,      5.20  a.m.     Hereford. 
5.32  a.m.    Hereford  (principal  earthquake), 
about  5.40  or  5.45  a.m.    Hereford. 


6.15  a.m.     Hereford. 


»f  >» 


1897,  July  19,  3.49  a.m.    Hereford. 

1898,  Jan.  28,  about  10.5  p.m.    Rutland. 
Mar.  29,  about  10.25  p.m.    Cornwall. 
Apr.  1,  9.55  p.m.    Cornwall 

Apr.  2,  about  3  p.m.     Cornwall. 
Aug.  22,  about  7.15  a.m.     Comrie. 

1899,  Deo.  18,  about  6.50  a.m.    Olen  Garry. 

The  more  important  of  these  earthquakes  have  been  desoribed  in 
the  following  papers,  etc. : — 

<'  On  the  Leicester  Earthquake  of  August  4,  1893  " :  Boy.  Soo. 
Proa,  vol.  Ivii,  1895,  pp.  87-95. 

''  On  the  Pembroke  Earthquakes  of  August,  1892,  and  November, 
1893  " :  Quart  Joum.  Geol.  Soa,  vol.  liii,  1897,  pp.  157-175. 

''On  the  Exmoor  Earthquake  of  January  23,  1894,  and  on  its 
Relation  to  the  Northern  Boundary  Fault  of  the  Morte  Slates  *' : 
Okol.  Mao.,  Vol.  Ill,  1896,  pp.  553-556. 

''  On  the  Comrie  Earthquake  of  July  12,  1895,  and  on  the  Hade 
of  the  Southern  Boundary  Fault  of  the  Highlands  " :  Geol.  Mao., 
Vol.  Ill,  1896,  pp.  75-79. 

"The  Hereford  Earthquake  of  December  17,  1896."  (Cornish 
Brothers.  Birmingham,  1899.)* 

"  On  the  Cornish  Earthquakes  of  March  29th  to  April  2nd,  1898  " : 
^uart.  Journ.  Geol.  Soc.,  vol.  Ivi,  1900,  pp.  1-7. 

*  Since  this  report  was  written,  several  papers  have  been  published  on  the  Hereford 
earthquake.   The  following  is  a  complete  list  of  those  which  I  have  seen : — 

W.  Cole,  **The  English  Earthquake  of  December  17th,  1896":  Essex  Nat., 
vol.  ix,  1896,  pp.  268-269.     (Records  from  Essex.) 

H.  G.  Fordham,  *'The  Earthquake  of  the  17th  December,  1896,  as  it  affected 
the  County  of  Hertford " :  Herts.  Nat.  Hist.  Soc.  Trans.,  vol.  ix,  1897, 
pp.  183-208.     (Records  from  Hertfordshire  and  adjoining  counties.) 

E.  Greenly,  **Thc  Hereford  Earthquake  of  December  17,  1896,  considered  in 
relation  to  Geological  Structure  in  the  Bangor- Anglesey  Region*':  £din.  Geol. 
Soc.  Tnins.,  vol.  vii,  1898,  pp.  469-476. 

J.  Lomas,  **The  Earthquake  of  December  17th,  1896'*:  Liverpool  Geol.  Soc. 
Proc.,  1896-1897,  pp.  91-98.  (Records  from  the  neighbourhood  of  Liverpool 
chiefly^ 

H.  C.  Moore,  R.  Clarke,  &  A.  Watkins,  "The  Earthquake  of  December  17th, 
1896":  Woolhone  Field  Club  Trans,  1898  (?),  pp.  1-8.  (A  detailed  account  of 
the  damage  to  buildinjgs  in  Herefordshire.) 

G.  J.  S}Tnons,  **  The  Earthquake  of  December  17th,  1896**:  Meteor.  Mag., 
vol.  xxxi,  1896^p.  177-186.    (An  analvsis  chiefly  of  newspaper  reports.) 

Rev.  H.  H.  Winwood,  *'  Notes  and  Goservations  on  the  Earthquake  of  December 
the  17th,  1896,**  contributed  by  members  of  the  Cotswold  Club:  Cotswold  Nat. 
Field  Club  Proc,  voL  xii,  1896-1897,  pp.  187-196.   (Records  from  Gloucestershire.) 
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Glen  Garrif  Earthquake:  Jan.  2,  1393. 
L  slight  Bbock,  acoompauied  by  a  noise  as  of  a  carriage  pming' 
Tery  rapidly,  was   felt   by    Mr.  Duiicau  Grant   at   Gleaqiiokli  at 
7.20  p.m.     The  noise  was  also  heard  by  another  observer  ■bosk 
three  milea  higher  up  the  Gleii. 

Otm  Oarry  £arth-8ound :  Dec.  11,  1893. 
A  Jow  tunbiiag  mtaai,  rfamblit^  tiiM  whiob  xioompankl  MD 
*     WM  battd  M  kbont  8  p.m.  «t  aitokingie,  OfiRtqaddt, 
Than  ifM  BO  paneptitd*  monoMiit  of  tlt» 

'  1U«  note  li  baaSai  on  «  pingruh  In  tlw  Obam  ZSaw  for 
i)M.  16  (J).  ^ 

AowraH  XtrOfMtMf  Sta.  80-Sl,  1898. 
nw  nnmbv  o€  eaithqinkw  Uutt  ibonld  be  inolnded  in  tiiU  wiu» 
ii  wamriMt  .nnowtain.  Ibt  moat  importiint  «•  thoae  iriiioh 
HBVBad  on  Dm.  80  «t  1L80  pjL  K&d  on  Dm.  81  *t  1S.28  «.m.. 
Ml  ttno  w«n  foUomd  at  ^lost  4  un.  b^n  tUtd  bat  much  weakor 
Aook.  Tban  maj  aho  bava  bean  foor  otban  in  tba  earij  morning 
or  Baa  81,  but  the  timoa  ara  only  longhlj  noordad,  and  tnej  on^it, 
I  aUk,  to  ba  i«(pudad  aa  donbtfm  eaitbqukea.     Tiuj  an  aa- 


a.  Sbtfiton  MkIH  ibortlj  after  the  ibook  «t  12.28 ;  and  Dnmat, 
Jt.4BotUJS0a.m. 

b.  Sbepton  Mallet,  between  1  and  2  a.m. ;  and  Wedmore,  about 
1.30  a.Di. 

e.  Grosoombe,  about  2.30  a.m. ;  and  Wookey,  about  2.15  a.m. 

d.  Street,  2  or  3  minutes  after  the  shook  at  about  i  a.m. 

The  times  of  the  two  principal  shocks  were  determined  by 
a  df^nalman  at  Masbnry  station,  and,  as  they  agree  with  those 
givea  by  several  other  witnesses,  they  are  no  doubt  correct  to  the 
nearest  minute. 

For  coavenienoe,  the  isoseismal  lines  of  both  earthquakes  are 
shown  upon  one  map  (Fig.  1),  and  the  symbols  referred  to  above  ara 
therefore  not  employed.  Also,  as  it  would  be  difficult  to  represent 
all  the  places  of  observation  on  so  small  a  figure,  I  have  only 
marked  those  which  are  of  importance  or  which  are  mentioned  ia 
tlie  following  pages.  The  broken  lines  refer  to  the  first  earthquake, 
tbe  oontionons  tines  to  the  seoond. 

lirit  &tTlAquake  :  Dee.  30,  11.20  p.m. — The  number  of  records  is 
45,  ooming  from  27  plaoes.  There  are  also  negative  records  from  20 
places ;  and,  in  addition,  two  observations  from  Frome  and  Whatley, 
the  oooneotion  of  which  with  the  present  shock  is  doubtful. 

^10  intensity  of  the  shook  was  oerlainly  uot  less  than  4,  and  at 
Wells  may  have  been  as  high  as  5.  The  disturbed  area  is  16^  miles 
long,  13^  miles  broad,  and  contains  159  square  miles.  Owing  to  the 
abaenoe  of  negative  records  towards  the  north-waat,  it  is  uncertain 
whether  the  boundary  should  not  extend  a  little  further  outwards 
on  this  side.  Tbe  direction  of  its  longer  axis  ia  W.  30°  N.  and 
E.  30°  S.    Its  oentre  lies  ^  mile  S.  37°  W.  of  Wells. 
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The  uoseiflsal  4  k  m  ekmgiiBd  oral,  9^  miks  long,  5  milea 
broad,  and  33  square  mfles  in  area.  The  directioQ  of  ita  longer 
axis  is  W.  30'  N.  and  £.  30="  & ;  and  its  oentie  it  one  mile  N.  So"" 
W.  of  Wella.  The  distance  between  the  two  isoaeismals  is  3  nuks 
on  the  north-east  side  and  5  miles  on  the  sooth-west  side. 


Sta'.*  a*    >>fi.*« 


a         i 


Fig.  I.— Somerstt  Earthquakes:  Dec.  30-31,  1893. 

So  far  as  I  can  learn,  the  shock  was  in  all  parts  a  eontinaoaa 
5>eries  of  vibrations,  like  that  felt  in  an  upper  room  when  a  heayy 
wa^^on  or  train  passes.     Its  mean  duration  was  4  seconds. 

The  sound  was  compared  by  different  observers  to  that  of 
a  wa^;^on  passing  over  loose  stones,  the  dragging  of  a  heavy  weight 
ur  a  heavy  piece  of  furniture  along  the  floor,  a  rolling  peal  of 
thunder,  a  stack  of  wood  or  coal  tumbling  down,  the  fall  of  an 
avalanche  of  snow,  a  terrific  explosion,  etc.  As  a  rule,  the  beginning 
of  thf3  sound  either  preceded  or  coincided  with  that  of  the  shook, 
while  tlio  end  of  the  sound  either  coincided  with  or  followed  that  of 
the  shock, 

Srcond  Earthquake :  Dec,  31,  12.28  a,m, — Of  this  earthquake, 
there  fire  41  records  from  25  places,  and  negative  records  from  20 
places,  the  latter  being  the  same  as  for  the  first  earthquake. 

The  intensity  of  the  shock  at  Wells  and  one  or  two  other  places 
was  about  5.  The  disturbed  area  is  more  elongated  than  the  former. 
It  is  lO'j'  miles  long,  12i  miles  broad,  and  contains  180  square  miles. 
its  longor  axis  runs  from  W.  27°  N.  to  E.  27^  S. ;  and  its  centre  is 
':':  milo  W.  G"^  S.  of  Wells. 


«M  Mia  •  MiliMaaB  MrfM  of  vibittioM  U 
feaOt  ainatlT  vmt  at   vadaqmwBd   nllw; 


The  itoseismal  4  is  Hi  miles  long,  ^\  mileB  bruftd,  and  inollta 
43  sqnare  miles;  the  direction  of  ils  longer  nsia  being  W.  30' H. 
and  E.  30"  8.  Its  centre  ia  %  mile  W.  27°  N.  of  Wella,  and  J  «Ib 
from  the  correHpooding  centre  for  the  first  shook,  the  line  joiilia( 
tha  two  oantna  bsing  mr&Udl  to  the  longer  azis  of  both  ourvM. 

iodttMflnt    ft 

MiliMaaBMifaaofvibittfaMlOnAatUt  iBahflui 

ly,   ■oondliur  to  mm 

bat  BCMt  ^  ttia  oliMmn  mn  Kwaknitd  qr  &•  dwek 
4Bd  «i^  iMW  sdMi  tb»  «idtor  to»M. 

TliB  MMnd  !•  tbo  oompand  to  aimUir  ^pM.  Among  tiwm  vmf 
t»  tontiOBed  «  gDodi  tain  pmtng  ovw  m  ins  farklga,  •  d«ep 
pMl  of  dumdv,  •  nuUng  viad,  iM  Idl  of  boxM  on  *  floor,  ma 
t— aJoiiily  hMV7  blaitiiv  bat  pi^ongsd. 

.  Ik  <M<lBHliiig'  tM  fnqaoDCff  of  emapariaoB  to  di&imt  ^pM,  tih* 
«mD  Muobar  of  deiaiptiotw  noden  U  «dvinbl«  to  do  u  fbt  Hm 
two  ahocfc*  togtthar,  etpoeirily  m  ttwn  •»  Mronl  other  Moomli 
in  lAidt  tbe  paitienlnr  iboA  !■  not  dutinguiahed.  The  loand  to 
<CB^wed  to  pMMng  wiggoni,  oto^  in  36  pat  oMt  of  tlu  mootd^ 
IB  tbonder  In  11  pw  oe&t,  to  wind  in  fi,  loada  of  atonaa  hlling  in  1^ 
baOTy  bodlea  ftUng  in  11,  erploaiotia  in  26,  and  to  miaoaUaiiaoaa 
aoonda  in  8  per  oent.  These  are  about  the  ubuhI  proportion  for 
a  Blight  earthqaake,  except  for  the  rather  frequent  referenoea  to 
explosions.  The  exoeption  is  in  reality  only  apparent,  for,  in  all 
bnt  three  cases,  the  reference  is  to  an  explosion  prolonged  or  else 
to  an  explosion  in  the  midst  of  an  undescribed  rumbling  sound  ;  tha 
three  places  are  Wells,  Wookey,  and  Wookey  Hole,  and  these  are 
close  to  the  epicentre.  Again,  tha  corapaiisou  to  passing  waggons 
impliea  that  the  sound  was  of  long  duration  and  gradually  increased 
to  a  maximum  and  then  died  away;  but  this  is  not  the  case  with, 
the  dragging  of  heavy  boxes  along  the  floor,  which  I  hare  included 
in  the  same  type.  Comparisons  to  the  latter  sound  come  from 
Priddy,  Street,  and  West  Fennard,  places  which  are  not  far  from 
the  shorter  axis  of  the  disturbed  areas.  The  general  result  ia,  aa 
we  should  infer,  that  the  sound  is  of  long  duration  near  the  ends 
of  ttte  longer  axis,  and  of  short  duration  near  the  ends  of  the  other. 

Belation  betivten  the  two  Earihguaket. — The  relation  between  the 
isoaeismal  lines  of  these  two  earthquakes  is  somewhat  peculiar. 
They  are  almost  concentric.  Yet  both  isaseismals  of  the  second 
shock  overlap  those  of  the  first  towards  the  east  and  west,  and  are 
overlapped  by  them  towards  the  north  and  south.  Moreover,  though 
the  second  shock  had  the  larger  disturbed  area  yet  its  intensity  was 
not  everywhere  the  greater.  The  first  shook  is  reported  to  have 
been  the  stronger  at  Binegar,  Chewton  Priory,  Coxley,  Dioder, 
Priddy,  Street,  West  Pennard,  Wookey,  and  Wookey  Hole ;  and 
^e  second  shook  at  Grosoombe,  Draycot,  Masbury,  Pilton,  Shepton 
Uallat,  and   Wells.      Now,  at  the  points   where  the  \BoaQ\innA.\% 
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intersect,  the  intensities  of  both  shocks  were  the  same,  and,  if  onrvea 
(represented  by  dotted  lines  on  the  map)  be  drawn  through  the  foor 
points  of  intersection  on  both  the  west  and  east  sides  of  the  disturbed 
areas,  the  intensities  of  both  shocks  at  any  point  of  these  carves 
should  be  the  same.  These  lines  divide  the  whole  area  into  three 
districts.  In  the  central  district  lie  all  the  places  where  the  fizat 
shock  was  regarded  as  the  stronger,  and  in  the  terminal  distriota 
those  where  the  second  was  the  stronger,  with  one  exception,  that 
of  Wells.  This  city  lies  near  the  centres  of  both  disturbed  areas, 
and,  according  to  a  newspaper  report,  the  second  shock  was 
severer  than  the  first.  Too  much  stress  should  not  be  laid  upon 
this  exception,  for  there  is  always  some  variation  in  the  estimates 
of  the  relative  intensities  of  two  shocks  where  these  do  not  differ 
gpreatly. 

The  explanation  of  the  peculiarity  is  simple  enough.  The  more 
elongated  form  of  the  isoseismal  lines  of  the  second  shock  implies 
that  it  had  a  longer  focus.  The  overlapping  towards  the  north  and 
south  of  the  second  disturbed  area  by  the  first  shows  that  the  initial 
intensity  of  the  first  shook  within  a  given  area  of  the  focus  was 
greater  than  that  of  the  second.  Tlius,  the  second  earthquake  owes 
its  larger  disturbed  area  simply  to  the  greater  length  of  its  focus. 

Third  Earthquake :  Dec  31,  about  4  a.m, — A  slight  shock  was  felt 
at  Priddy,  Street,  Wells,  and  Wookey.  At  Street  and  Wells  it  was 
accompanied  by  sound.  So  far  as  we  can  judge  from  the  distribution 
of  these  places  it  would  seem  that  the  epicentre  lay  to  the  west  of 
the  epicentres  of  the  two  first  shocks. 

Origin  of  the  Earthquakes, — It  has  been  suggested  that  the  shocks 
were  not  of  seismic  origin,  but  were  caused  by  the  fall  of  large 
masses  of  rock  in  underground  channels.  If  this  were  so,  the 
disturbed  areas  and  isoseismal  lines  would  have  been  approximately 
circular  and  the  sound  would  have  been  compared  almost  exclusively 
to  explosions  or  the  fall  of  heavy  bodies.  The  elongated  forms  of 
the  isoseismal  lines  and  the  general  character  of  the  sound  are 
therefore  conclusive  against  such  an  explanation. 

On  the  other  hand,  all  the  phenomena  known  to  me  are  in 
complete  accordance  with  the  view  that  the  shocks  were  caused 
by  slips  along  a  fault,  running  W.  30^  N.  and  £.  S(f  S.,  hading 
towards  the  south-west,  and  passing  through  a  point  between  one 
and  two  miles  north-east  of  Wells  and  between  Wookey  Hole  and 
Priddy.  The  Geological  Survey  map  contains  no  fault  in  this 
position,  but  it  will  be  noticed  that  the  direction  assigned  to  the 
earthquake-fault  is  ronghly  parallel  to  that  of  tlie  Mendip  Hills 
in  this  district.  The  focus  of  the  first  shock  must  have  been  about 
4  miles  and  that  of  the  second  about  6  or  7  miles  in  length. 

Fort  William  Earthquake :  Jan.  12,  1894. 

Owing  to  its  time  of  occurrence  (about  11.50  or  11.55  p.m.)  and  to 
the  small  number  of  villages  within  the  disturbed  area,  I  have  only 
been  able  to  obtain  17  records  from  14  places,  in  addition  to 
negative  recoriSs  from  5  places.     I  regret  my  failure  especially  in 


this  oa»e,  kb  the  earthquake  appears  to  be  Dii!qD>]ii~fl 
amODg  Britiih  earthquakes  of  the  last  eleven  yeaoL 

So  far  aa  the  aocauats  may  be  trusted,  the  (lisioibid'aiw  iq 
to  consist  of  two  detached  portions— one  iu  th*  mlghbo»ABoa  01 
Fort  William,  the  other  in  Moidart  and  Arisaig  in  tiia  axbOM  WM( 
of  Invemess-ahire.  Elevea  of  the  piaoes  of  obHCndpaUft  ifr  th» 
former  area  and  three  in  the  latter,  while  betwMB  Uhoi  tlim.ara 
three  places  (Einloohiel,  Duiaky,  and  Eingairloob)  at  wbfoht  I  ant 
told,  the  earthquake  was  not  observed,  Muoh  relltBM  dwold  not  of 
course  he  placed  on  so  small  a  number  of  negativa  »oordi»  Mpeoallj 
for  aa  earthquake  which  occurred  at  midnight  ;.  but  tluM  is  abo 
dietisct  evidence  that,  in  the  eastern  area,  th«  ahook  ma  mncdi 
weaker  on  the  west  than  on  the  east  side  of  Loch  Linnha.    . 

In  a  country  district,  time-records  are  naturally  Ifabb  to  OMI- 
siderabte  error,  but  those  in  both  parts  of  the  diatoHwd  atM  agtaa 
in  giving  the  time  as  nearly  miduight.  If  thero  ware  two  aepatata 
impulses,  there  is  therefore  no  evidence  to  tell  na  wldoh  oooozzed 
first. 

Of  the  places  in  the  eastern  area,  fonr  (Ardgonr,  Banaviay 
Carpaoh,  and  Trislaig)  are  on  the  north-west  side  of  or  oloae  to  thia 
great  Highland  fault,  and  the  remaining  seven  (A/Aanton,  Blarmao- 
foldaoh,  Caroucb,  Fort  William,  QlenocD,  Nether  Loohaber  Uanaa. 
and  North  Ballachulish)  are  on  the  south-eiist  side.  Tbt  baondazTof 
the  area  oanuot  bu  determined  satisfactorily  from'theaa  plaoea,  bnt 
it  is  abdht  17  miles  long,  ita  longer  axis  is  roughly  parallel  to  the 
great  fault,  and  it  extends  to  a  mnob  greater  distance  on  the  south- 
east than  on  the  north-west  side  of  the  fault.  If  the  shook  felt 
in  the  eastern  area  were  due  to  a  slip  of  the  fault,  or  of  one  of 
ihe  system  of  faults,  it  is  clear  that  the  fault  concerned  must  hade  to 
the  aoath-easL  This  is  also  shown  by  the  intensity  of  the  shock; 
for  the  only  places  where  it  attained  the  degree  i  (Blarmaofoldach, 
Camach,  and  Nether  Loohaber)  are  on  this  side. 

As  a  mle,  the  shook  resembled  the  tretoora  felt  in  a  house  when 
a  heavy  conveyance  is  passing.  At  Nether  Lochaber  Manse,  how- 
ever, the  movement  was  stronger  and  more  distinct,  being  like  that 
felt  in  a  heavy  carriage  in  rapid  motion  on  a  rough  road,  and 
oolminating  in  a  severe  ribration.  The  sound  was  compared  by 
three  obserrers  to  the  mmbling  of  a  oart  or  a  heavy  loaded  wag^n 
on  a  rough  rood,  and  hy  three  to  distant  thnuder. 

Very  little  can  be  ascertained  with  regard  to  the  western  part  of 
the  disturbed  area.  The  shook  was  felt  only  at  three  places,  namely, 
irisaig,  Qlenmoidart,  and  Boshven ;  at  the  second  of  these  places 
the  intensity  was  4.  Hie  sound  was  described  by  one  observer  as 
like  distant  thunder,  and  by  another  as  like  the  explosion  of  a  large 
quantity  of  gnnpowder  at  a  great  distance.  The  observer  at 
Qlenmoidart  informs  me  that  a  second  and  weaker  shock  was  felt 
there  in  the  daytime  some  days  afterwards,  and  a  third  at  night 

It  seema  to  ma  probable  from  the  above  evidence  that  there  were 
two  distisot  shocks,  oaoh  disturbing  a  separate  area ;  and  that  the 
dtook  felt  in  the  neighbonrhood  of  Fort  William  wae  &uq  lo  b.  ^\^  ol 
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the  great  Highland  &iilt  With  regard  to  the  orlgm  of  the  other 
shock  nothing  oan  be  aaoertained,  nor  is  there  any  evidenoe  to  show 
whether  the  proximity  in  time  and  place  between  the  two  shodks 
was  other  than  aoddentaL 

Olen  Oarry  Mtrikquake :  Jan.  25, 189i. 
A  shook,  of  intensity  4,  was  felt  by  Mr.  H.  Matheson  and  at  leaat 
four  other  persons  at  Ardoohy  at  1.7  p.m.    The  vibration  waa  like 
that  prodaoed  by  a  oarriage  passing  over  a  wooden  bridge ;  it  was 
followed  by  a  distant  roar. 

Annandale  JEarihqudkes  :  March  8  and  May  14  1894. 
My  only  authorities  for  these  two  shocks  are  the  aooonnts  given  in 
the  local  newspapers.^    I  was  nnsuooeesful  in  my  attempts  to  obtain 
further  information,  but  houses  are  widely  scattered  in  the  district. 

I  see  no  reason  for  doubting  the  seismic  character  of  the  shocks. 
The  first  earthquake  occurred  about  midday  on  Mardi  8,  and  waa 

most  marked  in  the  central  district  of  Gorrie. 

The  second  occurred  during  the  afternoon  of  May  14  in  the  upper 
valley  of  the  Milk.  It  was  distinctly  felt  i^t  Corrie  Bridge,  Corrielaw, 
and  Rosebank  (about  two  miles  east  of  Lockerbie),  and  possibly  also 
in  the  district  about  Eskdalemuir.  The  intensity  was  at  least  4  in 
the  first  three  places  mentioned.  At  Corrie  Bridge,  the  shock  waa 
accompanied  by  a  noise  resembling  the  distant  firing  of  cannon. 

Comrie  Earthquake  :  Jtdy  12,  1894. 

A  very  distinct  trembling   (of  intensity  8)  was  felt  at  about 

II  p.m.,  and  was  accompanied  by  a  dull  rumbling  sound  lasting 
about  6  seconds.  So  far  as  I  know,  the  earthquake  was  only 
observed  at  Comrie  and  Dalginross,  which  is  about  ^  mile  south-east 
of  Comrie  ;  and  I  have  six  negative  records  from  places  in  the 
vicinity.  The  disturbed  area  must  therefore  have  been  very  small, 
and  the  epicentre  may  be  regarded  as  coincident  with  the  village  of 
Comrie. 

Glen  Garry  Earthquake  :   Sept.  18,  1894. 
Mr.  Matheson  informs  me  that  this  shock  was  not  so  strong  at 
Ardochy  as  that  felt  on  Jan.  25.     It  occurred  at  10.10  a.m.,  and  was 
followed  by  a  loud  noise.    It  was  also  felt  on  the  opposite  (or  south) 
side  of  Loch  Oarry. 

Fort  William  Earth-Sound  :  Jan.  9,  1895. 

The  occurrence  of  this  earth-sound  was  noticed  in  the  daily  papers, 
bat  for  the  details  given  below  I  am  indebted  to  Mr.  Angus  Bankin 
of  the  Ben  Nevis  Observatory. 

The  noise  was  heard  between  5.45  and  5.50  a.m.  by  many  persons, 
some  lying  awake  in  bed,  others  preparing  to  go  to  work ;  but  it 
was  not  loud  enough  to  waken  sleepers.  It  is  described  by  all  as 
a  rumbling  noise  resembling  distant  thunder,  and  to  one  observer  at 
Fort  William  it  appeared  to  travel  in  a  north-easterly  direction.     No 

*  Annandale  Herald  (Lockerbie),  May  17  ;  Dumfrien  and  Galloway  Courier  and 
Herald  (Dumfries),  May  19;  and  EikdaU  and  LiddetdaU  AdvertUer  (Langholm), 
Afaf23. 


I  shock  or  tremoJoos  motion  wag  felt  by  anyone.  an3  tlio  aeiaaiograph 
»t  the  Low-level  Observatory  at  Fort  William  sliowed  no  sign  of 

'  any  movement.  The  noise  was  beard  also  at  Blarmacfoldach  and 
Lundavra,    which   are  respectively   3   and    5    miles    to   the   south 

I  of  Fort  William ;  all  threo  places  being  close  to  the  northern 
boundary  fault  of  the  Highland  diatriot.  As  to  tho  Beismio  origin  of 
the  BOnnd,  there  can  bo  little  doubt,  for  tbe  district  is  one  where 
slight  shockB  are  occasionally  felt,  nnd  all  the  observers  agree  that  it 
was  an  'earthqitalce-noise.'  So  far  as  our  knowledge  of  the  earth< 
Musd  go«8,  il«  evidence  oonfirma  the  oonclasion  that  the  great  fault, 
«r  one  of  the  system  of  faults,  hades  to  the  south-east 

{To  it  tenlitiHid  in  out-  tuxt  Numif.) 
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■Kkpokt  OS  THE  Drift  at  Mobl  TkytiIbn.'    Drawn  up  by  the 

Secbktass,  E.  Greenly,  F.G.9. 

_     LiTBODUcnoN. — In  August,  1898,  it  became  known  that  what  la 

HMAuw  the  clearest  and  most  instructive  section  in    tbe   famoos 

^BlMeTal  drift  deposits  at  Moel  Tryfaen  mnst  in  a  short  time  be 

^ffil^A  Away  in  the  course  of  tho  quarrying  operations.     There  are 

two  lUte  quarries  on    Moel  Tryfaen,  the  ''  Alexandra "  and  tba 

"Moel  Tryfaen"  Quarries,  excavated  in  the  same  line  of  strike  of 

the  slates.     Grailually  expanding,  they  had  approached  each  other 

so  nearly  aa  to  leave  a  narrow  bank  between  them  with  no  more 

&an  a  yard  or  two  of  uncut  turf  upon  it.     Now  tbe  drift  sections 
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—Hap  at  part  of  Moel  Trjrfaen  from  Six-iach  Ordnance  Map. 
^r  of  destruction  are  exceedingly  important  for  the 


fto.  1.- 
thttt  in  dai  _ 

following  reasons:    (1)  They  are  at  right  angles  to  the  strike  of 
tbe  ilotee,  and  thus  display  tbe  character  of  the  underlying  rook 

'  Bsport  of  the  Committee,  coosirting  of  Dr.  H.  Hicks  (Chsirmsa),  decflued, 
Hr.  £.  Otwolj  (BMretm),  Profenor  J.  F.  BUfce,  Professor  F.  EsadoU,  Hr.  Q.W. 
1 i-j,^  j,,,_  j_  i,omai,  Mr.  T.  Mellard  Eeade,  Mr.  W.  Shone,   snd  Mr._  A. 


SttsfisB,  ta 


SttBDslt,  nnabrted  to  nuks  photognpMc  and  other  records  of  the  diaappeuiog  ddf  t 
seetton  at  IIimI  Tiyfaea  (spelt  Tr^ui  in  New  Oidnance  Surrey  Maps),  fiapnated 
bMD  tlie  Britiih  Anoefation  B«por1^  169B  (IBOO],  pp.  414-123.  > 
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sarfaoe;  (2)  they  show  the  naCure  and  position  of  the  janotioH  of 
the  shelly  sands  and  gravels  with  the  overlying  Bonlder-clay ; 
(3)  the  false  bedding  and  other  structures  in  the  sands  and  gravels 
are  best  seen  along  them ;  (4)  they  have  been  more  aocessible  than 
the  other  sections  in  the  quarries.  A  Committee  was  therefore 
appointed  to  preserve,  by  photography,  supplemented  by  a  wnttea 
report,  an  impartial  record  of  the  phenomena  displayed  in  these 
sections.  The  Committee  have  much  pleasure  in  acknowledging 
their  obligations  to  Mr.  Menzies,  the  manager  of  the  Alexandra 
Quarry,  who,  with  a  large-minded  appreciation  of  scientific  work 
for  which  geologists  cannot  be  too  grateful,  offered  to  suspend 
operations  in  tha(  part  of  the  quarry  for  three  months,  besides 
showing  the  Committee  every  hospitality  and  facilitating  their  work 
by  all  means  in  his  power. 

Photographs. — Six  whole-plate  and  five  half-plate  photographs 
were  taken  by  Mr.  John  Wickens,  F.B.P.S.,  photographer,  of 
Bangor. 

The  views  taken  are : — 

1.  General  view  of  section  from  W.N.W.  end. 

2.  General  view  of  section  from  E.S.E.  end. 

3.  General  view  from  W.N.W.  of  Moel  Ti^faen  Quarry,  including  neighboorhood. 

4.  Boulder-clay  by  engine-house  at  E.S.E.  end  section. 
6.  Sands  seen  below  Boulder-dav. 

6.  Junction,  wedge  of  Boulder-clay  in  sand  and  gravel. 

7.  Base  of  sands  and  terminal  curvature  near  W.N.W.  end  of  section  looking 
S.S.W. 

8.  Duplicate,  showing  a  little  more  of  slate. 

.    9.  Similar  phenomena  on  N.E.  side  of  quarry  (third  gallery)  looking  N.N.E. 

10.  Duplicate,  a  little  nearer. 

11.  Hocks  on  summit  of  hill  from  N.W. 

Dkscbiption  op  Section.  —  The  Chairman,  the  late  Dr.  Hicks, 
F.R.S.,  viisited  the  section  on  September  26,  1898;  and  on 
November  5,  1898,  Messrs.  Kendall,  Lamplugh,  Lomas,  Mellard 
Beade,  Shoue,  and  the  Secretary  examined  it  and  recorded  the  facta 
embodied  in  this  report  On  July  1,  1899,  the  Secretary  added 
items  1,  2,  and  9. 

As  there  have  been  serious  differences  of  opinion  as  to  the  inter- 
pretation of  the  Moel  Tryfaen  phenomena,  the  Committee  wish  to 
emphasize  the  statement  that  this  report  is  intended  to  be  a  record 
of  observed  facts  only,  without  reference  to  any  conclusions  that 
may  be  drawn  from  these  facts. 

The  observations  are  here  arranged  under  thirteen  heads.  All 
the  details  were  examined  from  the  side  of  the  Alexandra  Quarry, 
which  was  the  better  and  more  accessible  section  of  the  two. 

1.  Bearing  and  Distame  of  Section  from  Hilltop, — About  800  feet 
E.S.E.  to  the  middle  of  the  section. 

2.  Length  of  Section.-^FTom  700  to  750  feet. 

8.  Direction  of  Section, — The  sections  are  in  curves  concave  to 
N.N.E.  and  S.S.W.  in  the  "Alexandra"  and  "Moel  Tryfaen" 
Quarries  respectively,  so  that  a  tangent  to  both  curves  at  their 
nearest  point,  about  the  middle  of  each  section,  is  about 
W.N.W.'KS.E. 
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4.  Efight  of  Rock  Sur/nee.— The  floor  of  Gallery  "No.  1,"  the 
'liigheat  in  the  Aleiandra  Quarry,  is  at  1,281  feot  above  een-level. 

The  eurface  of  Ihe  rock  oniergea  from  below  drift  in  the  floor  of 
this  gallery  b  few  yards  E.8.E.  of  the  edge  of  the  Boiilder-olay,  and 
rises  gradually  to  W.N.W.  The  angle  measured  hy  Ahney  Level 
•from  the  opposite  aide  of  the  Alexandra  Quarry  is  from  S^'S  to  fi'-O 
;  (Bverage  4°-25}  to  E.8.E.  {Photographs  1,  3,  3).  But  the  BUrfaoe 
.undulates  {Photographs  7,  8). 

5.  Sloipe  of  Surface  of  Driji  along  Section  (Photograph  3). 

6.  Slrike  and  Dip  of  Charage  of  Slates.— 'S.  30  E.,  95'-98°  to 
S.  of  E.     Dip    of  Bedding  of  Slate$.—25°-30°  S.S.E.  or  8.,  but 

undnlating. 

7.  Thickness  of  Drifts  along  Section. — 25  feet  maximum,  thinning 
towarf  hilltop  (PhotogrnphH  1,  2,  3.  4,  11).  The  sections  whioh 
will  remain  at  present  will  show  the  varying  thicknesses  io  the 
(^aarriee. 

'         8.  Qeneral  Nature  of  the  Drijli. — Their  general  ohnraclera  have 
been  often  described.     Towards  the  N.W.  are  sands,  sandy  loam, 

I      aad  gravel,  with  shells,  Boulder-clay  ooroing  on  above  them  towards 
the  S.E.  (Photographs  1,  2,  3). 

9.  PotidoH  of  Jloundary  of  Sandy  Group  and  Boulder-clay. — The 
juDotioa  at  the  surface  between  the  quarries  is  about  1.000  feet  fiom 

L     iha  hilltop. 


''^1illir<ldlllawrEurlt9 


Fia.  2. — CoDtortioiu  in  Sandi  below  Bonlder^olaj. 
(Section  at  s  io  Fig.  3  on  Elevaliou.) 

10.  Character  of  tha  Sandy  Group, — The  beds  may  be  described 
as  sand  and  yellow  loam  with  gravelly  streaks  and  pockets 
containing  shells.  I'he  shell  fragmeata  were  found  on  November  5 
only  in  the  gravel,  none  but  the  finest  crumbs  having  been  seen 
in  the  sand' and  loam  (a,  p.  120).  The  bedding  la  very  irregular, 
lod  even  here  and  there  curved  (Photograph  1),  bat  contortion  has 
«aly  been  observed  near  the  junotion  with  the  overlying  Bonlder- 
<Uy  (Ap:  120): 

11.  C»arii«(«rf  o/Ae  BoaUer-elajr.  — This  is  a  good  typical,  tou^l^ 
strong,  nnitraUfied  til],  snob  aa  is   moatl;  foand   ia   mva.ii\uL'a. 


1X8 
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<liBtridt8,  dark  grey  id  colour  and  full  of  etonea  (Photognph  4). 
Tlie  atones  are  for  the  moet  part  of  modarate  rize,  bat  some  np  to 
8|  and  8  fe«t  (tho  visible  part)  ooonr.  They  aie  snban^ar  sod 
well  striated,  "niere  Beeme  to  be  a  general  alight  opward  indUDataoii 
of  the  longer  axes  of  the  stones  to  £.S.£.  or  E.  The  longer  oxia  of 
the  large  boulder  mentioned  pointed  W.  20  S.  —  E.  20  N„  and  ita 
eastern  end  waa  a  little  lifted.  Nearly  all  the  stones  observed  wan 
of  North  Welsh  origin,  the  riebeokite  enrite  of  Mynydd  Mawr  being 
very  abundaut,  but  one  pebble  of  a  granite  foreign  to  North  Wales 
'was  obtained  on  Novembers  (7,  p.  120).  Extensive  secUona  will 
retuain,  in  which  all  points  not  depending  upon  orientation  oaa  b* 
observed. 

12.  Satwe  of  JunetioR  of  Salidg  Group  and  Boulder-day  (Photo- 
graphs 5,  6). — In  a  general  wa;  the  sandy  group  passes  under  the 
Bonlder-olay  to  the  E.S.E.,  as  deaorlbed  by  previous  writers. 
The  sandy  beds  in  places  dip  W.  at  the  junction,  and  are  alao 
flontorted,  a  string  nf  loaihy  sand  two  inches  thick  being  bent  info 
sharp  folds  (Fig.  2).  lliese  oontortions,'  however,  were  not  very 
clearly  diaplnyed  on  November  5  on  account  of  slipping. 

The  Boulder-clay  rests  upon  an  uneven  surface  of  the  sandy  beds, 
•as  shown  in  the  annexed  section  (Fig.  3),  which  was  measured,  and 
.is  drawn  to  scale. 

The  photograph  No.  5  is  taken  close  to  the  E.S.E.  end  of  this 
section.  The  Boulder-clay  is  "good  typical  stony  till,"  and  tha 
underlying  beds  the  usual  sand  and  ydlow  loam  with  gravelly 
streaks  and  pockets  containing  shell  fragments.  In  the  lowert 
layers  are  angular  fragments  of  slate,  below  which  is  broken  slate 


Floor  of  GaJlery  No.  1. 

Flo.  3.' — Junction  of  BouMcr-cIaj  and  Saiidj  Beds. 
(Scale  1  iDcb  =  36  feet;  length  of  section  144ft.  6 in.) 

mixed  with  a  small  quantity  of  clayey  matter  resting  on  slate  with 
terminal  curvature. 

Evidence  has  been  adduced  by  previous  writers  to  show  tbat  the 
sandy  group  overlies  as  well  as  underlies  the  Boulder-clay,  so  that 
.the  two  groups  interdigitate.  The  section  as  seen  on  November  & 
could  not  be  said  to  be  conclusive  on  this  point ;.  but  it  is  shown 


m  Sept«ral>er  23.— E,  B, 
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ia  Photograph  No.  6,  of  which  Fig.  i  is  an  explanatory  diofp^m : 

(a)  ii  very  etoay  Boulder -clay,  stones  mainly  of  Welsh  ori^n ; 

(b)  yellow  loam  and  sand  bedJed  and  contorted ;  (c)  bedded  eancl 
and  grurel,  1  foot  to  2  feet;  (J)  soil  6  inches.  The  lower  edge  of 
the  Ikiulder-clny  dips  downward  into  the  exposed  face  rather  steeply. 
BBB  are  boulders  with  angular  ends  projeoting  from  the  olay  into 
the  sand,  the  largest  being  apparently  of  Penmaenmawr  diorite,  and 
the  oLhar  two  of  riebeckite  snrite  of  Myaydd  Mawr.  There  is  no 
distinct  eTidenoe  that  the  shelly  sand  and  gravel  anywhere  overlie 
tha  Boulder-clay.  A  close  esaminatioii  showed  a  distinct  line, 
probably  of  erosion,  between  that  which  passes  above  and  that 
which  passes  beneath  the  Boulder-clay,  in  which  last  only  were 
shell  fragments  found.  The  sand  and  gravel  above  the  Boulder-olay 
may  be  altogether  newer  than  that  in  the  lower  part  of  the  section 
containing  the  marine  sheUa,  and  may  possibly  be  merely  hill-wash. 

13.  Base  of  the  Drifts  and  Nature  of  Underlying  Bock  Sar/aee 
(Photographs  7,  8). — The  surface  of  the  slate  is  seen  in  oonlaot 
with  the  sandy  group  only,  the  Boulder-clay  not  reposing  directly 
upon  the  rook  in  any  part  of  the  section.  The  snrfaco  of  the 
slstea  is  esceedingly  shattered,  the  shattering  affecting  them  to  the 
depth  of  a  foot  or  two,  Tbe  shattered  edges  are,  with  (c,  p.  120) 
oertain  local  exceptions,  bent  over  in  an  E.S.E.  direction,  i.e.  to  the 
left  of  an  observer  looking  along  tha  strike  of  the  cleavage  to  the 
S.S.W.,  tlis  displaoed  laminm  retaining  generally  their  original 
direotioD  of  strike.  The  displooemeut  usually  goes  down  to  the 
first  horizontal  joint  below  the  aurfaoe,  and  ia  a  'displacement' 
rather  than  a  true  ourvature. 

Theae  t«nninally  disturbed  slates  pass  up  into  a  band  of  slate 
brecoia  or  rubble,  oomposed  of  angular  fragments  (e,  p.  120). 
HiIb  forms  a  "well-marked  band  all  along  the  section,  and  is  from 


FiQ.  4r— Kortli.1 


u  of  Bonlder-clay  in  Sactioa. 

1  to  3  feet  thick.  The  fragments  beoome  imaller  towards  the  top, 
and  have  at  first  a  slight  inclination  upwards  to  the  E.S.E.,  the 
upper  layen,  however,  beooming  horizontal.    When  UQ^  o\)wax^ 
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by  slipping,  the  janotion  with  the  sandy  drift  above  is  usually 
well  marked,  but  angular  and  subangular  debris  is  mixed  with  the 
lowest  layers  of  the  gravel. 

CoNOLUBiON. — ^The  above  desoription  is  not  intended  to  be  ex- 
haustive, though  the  desoription  of  the  section  about  to  be  destroyed 
has  been  made  as  full  as  seemed  possible  at  the  time.  Incidentally 
certain  details  in  other  parts  of  the  quarries  were  observed,  and 
have  therefore  been  included;  but  these  form  only  a  subsidiary 
and  unessential  portion  of  the  report,  and  are  therefore  placed  ia 
a  separate  appendix,'  because  the  sections  in  which  they  are 
displayed  are  in  no  danger  of  destruction.  Generally,  moreover, 
it  will  be  observed  that  the  report  is  confined  to  questions  of 
structure,  physical  relations,  and  measurements;  and  that  many 
matters  of  the  highest  importance,  such  as  species,  distribution,  and 
state  of  preservation  of  the  shells,  the  nature  of  the  boulders  in  the 
sands  and  the  clay,  the  character  of  the  fine  material  of  the  drifts, 
are  not  dealt  with.  These  are  points  which  can  be  investigated  as 
well  as  ever  in  extensive  sections,  which  the  quarrying  will  keep 
dear  and  open. 

It  must  not  be  supposed  that  the  Moel  Tryfaen  sections  are  being 
destroyed  as  a  whole.  It  is  the  part  specified  only  that  is  perishing ; 
and  the  drifts  of  the  quarries  will  continue  to  furnish  ample  scope 
for  research  into  many  matters  of  great  importance  to  glacial 
geology  for  many  years  to  come. 

Note  A. — By  Chairman  and  Members. 

(a)  §10. — Some  of  the  best  preserved  specimens  sent  to  me  by 
Mr.  Menzies  from  the  drift  in  the  Alexandra  Quarry  have  adhering 
to  them  a  fine  loamy  sand,  and  it  is  in  such  a  material,  interstratified 
with  sand  and  gravels,  that  I  have  usually  obtained  the  best 
specimens  of  shells  in  the  Welsh  sections. — H.  H. 

()3)  §  10. — In  addition  to  boulders  of  North  Welsh  rocks,  they 
are  full  of  far-travelled  erratics  from  the  Lake  District  and  the 
South  of  Scotland. 

(7)  §  11. — This  deposit,  therefore,  differs  widely  in  regard  to  its 
included  stones  from  the  underlying  sandy  group,  which  contains 
many  far-travelled  erratics,  as  before  stated ;  as  it  does  also  in  the 
apparent  absence  of  marine  shells  and  of  Foraminifera. 

(c)  §  13. — P.  F.  Kendall  and  J.  Lomas  would  prefer  to  say  that 
the  general  direction  of  displacement  had  only  a  few  individual 
exceptions,  which  might  indeed  be  due  to  quarrying  operations. 

(e)  §  13. — This  material  was  not  observed  by  the  Committee  to 
contain  any  glacially  striated  fragments  or  any  foreign  stones — no 
fragments,  indeed,  but  of  the  underlying  slates. 

Note  B.—By  T.  Mellard  Beade,  F.G.S. 

Specimens  of  the  drift  were  taken  by  me  at  the  meeting  on 
November  5,  1898,  in  the  positions  shown  on  the  following  sections 

'  See  Appendix  C. 
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^Figa.  5  and  6),  and  Bubmitted  to  Mr.  Jasgjfil'Wtlffi^'f.^^HI 
Belfast.  ■  ■       .■ 

He  very  kindly  examined  ttieni  for  Fonm^tfM^  Wid  in  «U 
discovered  twenty-tliree  epectes.  The  resulti  Mem  pa  ■bow  fb»t 
tbe  ForamiDifera  occnr  in  the  roost  ebuttdatUM  Id  the  alMlly  Mod. 
None  were  found  in  the  overlying  Boulder-oln  fSpMinun  i),  utd 
a,  few  only  in  gpeoimena  Nos.  1  and  2.  In  No^  8  tbo  FonmuUnft 
were  more  plentiful  and  of  species  ooiamon  to  tibe  low*I*nl 
Boulder-clay  of  Lancasliire.  Cheshire,  and  Iho  Vtlo  of  dwyd.  Al 
twual,  Nouionina  depreiauta  was  common,  aiid  br  oaloiiinMnd  tho 
other  «pecie§. 


t  *^^n^—  )    Bou/der  c/sy  very  strong 


7  bantf 
c/men  N?/. 


I      7-!;-7,'.-^'>rA,  t^rQWQ  tn^ji  s^t^ 


bedded  slate  fragments 

~^^\  'f  c/ayey  mstn'x. 

L  Brger  froyments 

fined  frog- 
-    —  c  rock 
Xermiital  curvature' 

Fio.  6. — SecUmt  abowing  potitioD  at  Fonminileial  b«da, 

Tlie  higb-level  drift  generally  does  not  appear  to  bave  been 
•sarobed  mnob  for  Foraminifera.  The  only  other  published  liit 
from  Hod  Tryfaen  that  I  oan  find  is  that  given  by  Hiss  Mary  E. 
Andrews.* 

Xbia  list  was  also  tbe  result  of  Hr.  Wright's  examination  of 
cperameus  oolleoted  by  Hiss  Andrews.     In  all  twelve  speoies  are 
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«iiiimeratedi  those  oommon  to  this  list  being  nuaked  with  aa  astetiik, 
and  being  eight  in  nnmber. 


.  Boulder  cfayas in precsarng section 


".^fietly.  sahdf^' 

mmr ■ 


.^^as7n^'rs£cding  sect/o/f  ^^^ 


s.  Specimen  ft?i  (m/xetfj 


Fio.  6.— Section  shoTing  position  ot  Forwniniteral  b«da. 


List  of  Fobauihifeba  of  Fleistooehe  Beds  of  Moel  Tbxf^es. 
By  Joseph  Wright,  F.G.S. 

No.   1.— Wciglit  ot  »»nd,   lib.    1-7  oz.   troy.      After  waehing,   fine  10-Soi. ; 
coarse  I'S  oz.     In  this  sample,  as  nell  as  in  all  the  ntben  whicb  I  ciamioed,  tb« 
greater  poitiaa  of  the  stones  wcie  more  or  Iws  rounded,  the  otheis  being  anguUr. 
Zagcnatfnn,tnala(Vm\.).     V017  rare. 
*A-o»i6ai»a  dtprcuula  (W.  &  J.).     Very  rare. 
No.  2.— Weight  of  sand,  1  lb.  2-7  oz.  troy.     After  waehing,  fine  7*3  oz. ;  coarse 
2'2  oz.    Very  fine  bright  brown  sand. 
Lagena  lincala  (Will.).    Very  rare. 
So.  3.— Weight  of  sand,  21b.  3-£  oz.  tro;.    Alter  washing,  fine  lib.  6-2oz.; 
coarse  S'4  01.    Fragmenta  of  sheUi. 
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Jtiliatina  leminulun  (lian.}.     Rare- 
SaltmiM  pHfoidrt  (D'Orb.).    Vei^-  rare. 
Balmiia ptmetata  (D'Orb.).     Freijuent. 
*      „      piiemlnifi'Orh.).    Common. 
•Ounifu/iu  erouu  (D'Orb.).     Common. 
La^ma  lultale  (W,  ft  J.).    Verr  rare. 
„      WiUiamttni  (A:mck).    Vnr  rare. 
■■■    ito  (Wright).    Vor^mre. 
((Monte.).    VBrrrsre. 
morsiimta  (W.  4  B.).     Rare. 
j««fr«»  fWm.).    Very  rare. 


iai»(/<«(fci(B'Otb.}. 
OtbiUina  unirrrm  (D'Otb-).     Freqaont,  retv  fl 
'JHiccrUno  roiarra  (D'Orb.).    Very  rare. 

„  BViyidi  (Br.).     Cnmmou. 

•iWRinu'i'iul  Kariltii  (Rss.).    Buro. 
•JVonimwd  dipretiula  (W,  ft  J.j.     Most  abutldsDt. 
*AlyttiimtUa  mrinto-puiietata  (F.  ft  M.).     Vnrj-  rore. 
203  >pmme[U  of  iVuniaiiind  depriuula  wore  o1itaia«<l  from  this  gatlieiiog,  whilit 
Uu)  othet  Iweaty.oDo  »poci(i»  nnmbnred  only  102. 

.  |fo.4^W«i|^oltu4,Slb.<-7i>i.lnrr-     Afl«inNUi(,Bq*  «-«<».;  ^nw 
M«.    BnlT«rattr,udlwrti«ftlM8«|npoitlonafrt^lBlt. 


i  and  gi«Tel  beneath  Bould«r-cU]r. 
(Length  fiO  to  60  yards ;  haight  about  SO  feet.) 

NoT& — Uunh  of  the  middle  series  consists  of  fine  plastio  reddish* 
jeUow  ola;  ot  silt  withont  stonee,  the  kind  of  material  oommon  in 
the  Btratified  drifts  of  the  Isle  of  Man.  Shell  fragments  rather 
pleatifal  in  the  gravelly  streaks,  but  none  seeu  in  the  olay  or  sand. 

P.& — For  the  sake  of  those  interested  in  the  drifts  of  Moel 
TryfiMn,.it  may  be  mentioned  that  oopies  of  the  photc^raphs  alluded 
to  in  this  Beport  may  be  seen  in  the  oolleotion  belonging  to  th» 
British  Asaooiatuin  (at  Jermyn  Street  Library)  ;  and  of  the  more 
importaat  of  them  also  at  the  Mnseumi  of  Soieuoe  and  Art  ia 
Edinbaigh  and  Dublin.  Copies  have  also  been  sent  to  Chioago  and 
Ottawa.— E.  a.  - 
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:R  E  *V  I  E  TAT  s. 

I.  —  Am  Estimate  of  thk  Gboloqioal  Aqk  of  thb  Eabth. 
By  J.  JoLY,  M.A.,  B.A.I;,  D.Sa,  P.R.S.,  P.G.S.,  M.RI.A., 
Hon.  See.  Koy.  Dublin  Soo.,  Professor  of  Geology  and  Mineralogy 
in  the  University  of  Dublin.  Soientifio  Transaotiona  of  the 
Boyal  Dublin  Society,  ser.  ii>  vol.  vii  (1899) ;  4;to,  pp.  44u 

fpHE  paper  consists  of  an  introduction  and  these  nine  seotions  :— 

I.  The  estimate  of  geological  time. 
II.  llie  original  condition  of  the  ocean. 

III.  The  supply  of  sodium  by  the  rivers. 

IV.  The  saline  deposits. 

V.  The  alkalies  of  the  rocks. 
VI.  The  potash  of  the  rivers. 
VII.  Uniformity  of  denudation  by  solution. 

VIII.  The  alkalies  of  sediments,  and  the  geological  age  of  the  latter. 
IX.  The  solvent  denudation  of  the  ocean. 
And  two  appendices. 

Appendix  1  is  generally  useful.  It  contains  a  list  of  numerical 
quantities  adopted  in  the  calculations.  Appendix  2  is  a  list  of 
sources  of  error  which  may  modify  the  conclusions. 

The  matters  treated  of  in  the  nine  sections  are  epitomized  in  the 
introduction. 

The  first  point  argued  is,  that  so  much  of  the  removal  of  the 
land  surface  as  is  due  to  solution  may  be  accepted  as  a  uniformitarian 
process;  and  this  being  granted,  if  we  take  the  one  element  of 
sodium,  which  is  dissolved  out  of  the  rocks  and  enters  the  ocean 
through  river  discharge,  and  if  we  assume  that  there  was  no  sodium 
in  the  primasval  ocean,  the  amount  of  sodium  in  the  ocean  divided 
by  the  amount  annually  brought  down  by  rivers  will  give  the 
length  of  time  during  which  the  accumulation  has  been  going  on, 
and  will  be  a  measure  of  the  age  of  the  world. 

Professor  Joly  claims  that  the  amount  of  sodium  in  the  ocean 
agrees  very  well  with  that  which  must  have  been  lost  by  the 
crystalline  rocks  in  the  process  of  their  being  converted  into  the 
existing  volume,  as  usually  estimated,  of  the  sedimentarie&  This 
would  decidedly  support  his  view  that  the  sodium  of  the  ocean 
has  been  derived  from  the  crystalline  rocks,  and  that  the  primitive 
ocean  was  devoid  of  that  element 

I.  The  data  upon  which  the  calculations  are  made  are  as  follows : 
"  The  absolute  masses  of  the  ingredients  of  the  ocean  "  are  : 

Tom. 
Sodinm  chloride         35,990  x  10". 


Mugnesium  chloride 
Ma^esium  sulphate 
Lime  sulphate... 
Potassium  sulphate 
Magnesium  hromide 
Lime  bicarbonate 


6,034  X  10«. 
2,192  X  10". 
1,666  X  10". 
1,141  X  10". 

100  X  10". 

160  X  10". 


B»fflmm^J^J6V^:Ai$qftheEart^  ^ 


''Or  Ai  ■offiom  oUoridt -89-82  V^  Omt-  it  sodium.    Id  tlie 
ttw  ■  therefore  •  mart  of  jodiam  ainoimting  to  14,161  xlO^'toiuk'^ 

Ik  melerielt  in  tons  per  obbio  mile  of  nineteen  of  the  prinoipal 
liftm  of  the  world  (efteir  Bit  J.  Hnmqr)  are  'next  glTen,  and  from 
thus  il  ie  calonhted  that  tb^  oontain  84^106.  tone  of  aodiam  per 
MdUemile.  ^  The  total 'Tokime  [of  wmter]  diaohaigedbj  the  riTeia 
kio  fie  oeaea  is  6,524  oaUomilea  per  annam.*'  - 

The  uaaa  of  aodiam  in  the  ooean  di^ided^by  the  maaa  annoally 
IvMight  down  by  the  rivera  glYea  the  length  of  time  in  whiofa,  at 
ttie  meent  rale,  the  maaa  in  Uie  ooean  oan  have  aooamohUed.  The 
Rfdt  ia  89,566,000  yean.  Bat  Profeaeor  Jolv  pxefera  to  nae 
i  liter  eatimato  ix  the  Tolame  of  the  ooean,  whion  wonld  lengthen 
die  <«  period  of  geological  denadation  to  94^800,000  yeara  nearly.'' 

The  foregoing  givea  the  pith  of  Profaaior  Joly'a  Tory  ingeniona 
flieoxy  of  theageofthe  earth.  The  remaining  aeotioiy  are  aabaidiazy 
to  it,  and  are  apparently  intended  to  meet  poaaible  objeotiona,  and 
to  lender  the  fint  eetimato  more  aoonrate. 

n.  *«  On  the  Original  Condition  of  the  Ooean.*'  Thiaiaaneoeaaary 
kqoiiy ;  for  nnleaa  it  oan  be  premiaed  that  there  waa  no  aodiam  in 
%  the  argoment  dearly  iaila,  and  the  earth'a  age  will  be  pro* 
portionatoly  ahorter  by  an  onlmown  amoont  The  aathor  aaaamea 
that  the  eiurth  waa  onoe  molten,  and  oonaidera  that,  npcm  oooling, 
''die  upper  |part  of  what  ia  now  the  earth'a  ornat  moat  have  oontain^ 
la  8ilioi^ea»  m  the  form  of  alag,  lava,  or  rook,  the  alkaline  eartha 
now  appearing  chiefly  aa  oarbonates,  the  alkalies  now  distributed 
between  the  salts  of  the  sea  and  the  alkali  silicates  of  the  rooks, 
along  with  iron  and  alumina.  The  eariy  hydrosphere  must  for 
want  of  other  known  alternative  be  supposed  to  have  contained 
a  quantity  of  hydrochloric  acid,  roughly  represented  by  the  chlorine 
now  in  the  ocean." 

We  next  find  speculations  as  to  the  sequence  of  events  preceding 
and  following  the  first. condensation  of  water  on  the  surface;  and 
it  is  considered  improbable  that  a  uniform  ocean  ever  covered  the 
entire  globe ;  and  the  author  inclines  to  the  opinion  that  the  sub- 
ooeanio  crust  is  more  dense  than  the  continental,  and  that  ooean 
basina  have  been  permanent  This  part  of  the  essay  is  of  much 
interest,  bat  does  not  very  closely  concern  the  main  question  of  the 
age  of  the  earth. 

We  have  here  quoted  an  important  analysis  by  Mr.  F.  W.  Gierke 
(Ball.  n.S.A.  Geol.  Surv.,  1897),  ''  which  may  fairly  represent  the 
oomposition  of  the  older  crust  of  the  earth." 


i« 


SiO,  ... 
Al,03 

•  •  • 

69-77 

NajO 

...       3-61 

* 

•  •  • 

16-38 

H]  0  . . . 

...       1-61 

FeiO, 

•   »•  • 

2-66 

TiOj 

0-53 

PeO  ... 

•  •• 

3-44 

PaOj 

...       0-21 

CaO  ... 

••• 

4-81 

MgO  ... 

•  •• 

4*40 

99-14 

K,0  ... 

•  •  • 

2-83 

"Such  a  rook,  or  lava,  attacked  by  a  heated  solution  of  hydro* 
oUorio  acid,  must  ultimately  yield  its  iron,  calcium,  TXiQb^<^%\wm, 
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potash,  and  soda  as  ohlorides.    The  atomio  peroentages  of  Claifce's 
average  are  given  by  himself  as  follows : — 

Iron 4'7l        \  f  9*0 


Caldnm  ...  8*53 

Magnedmn  ...  2*64 

Potafliiiim  ...  2*35 

Sodium  ...  2*68 " 


take  up   I    6-8 
units   of  <    7*6 
chloiioa    I    2-14 
4-1 


Having  given  the  oomposition  of  the  omst,  the  author  next 
considers  how  the  chlorine  of  the  heated  hydrochlorio  acid,  which 
he  supposes  then  to  have  been  in  the  ocean,  would  have  been 
distributed  among  the  bases. 

It  is  evident  that  any  sodium  which  was  obtained  by  rook  solutioa 
from  the  floor  of  the  prim»val  ocean  must  be  deducted  from  that 
supplied  by  the  rivers,  otherwise  the  age  of  the  world  will  be 
reckoned  too  long.  Professor  Joly  proposes  to  estimate  the  former 
by  considering  the  chlorine  in  the  ocean.  Of  whatever  chlorine 
there  was  in  the  primitive  ocean  the  sodium  would  take  14  per  cent. 
(reckoning  from  the  proportion  of  sodium  to  the  other  bases  in  the 
crust).  But  some  chlorine  is  also  supplied  by  the  rivers,  and  by  ndn 
upon  the  land.  He  allows  for  this  at  a  guess  10  per  cent  Deducting 
this,  the  total  supply  by  rivers  is  97*8  x  10*  tons  of  sodium  chloride 
per  annum.  There  are  other  chlorides  (lithium  16  x  10*,  ammonium 
h'^y.  10*)  in  the  rivers.  Thus  we  find  76  x  10*  tons  of  chlorine 
discharged  into  the  ocean  annually  by  rivers. 

*'  If  we  assume  that  the  final  result  as  to  the  duration  of  denuda- 
tion will  not  be  far  from  86  x  10*  years,  we  arrive  at  a  total 
deduction  of  6,536  x  10^'  tons  [of  chlorine]  as  a  correction  on  the 
amount  of  chlorine  contained  [at  present]  in  the  sodium  chloride  of 
the  ocean."  This,  however,  seems  to  postulate  the  period  of  86  x  10* 
years,  which  is  the  thing  to  be  found.    The  calculation  will  be— 

Tom. 

Chlorine  in  the  Bod.  chl.  now  in  the  ocean 24,156  x  10^ 

Chlorine  in  the  mag.  chl.  now  in  the  ocean 4,161  x  10" 

28,816  X  10" 
Deduct  chlorine  introduced  hy  rivers  in  86  x  10'  years     ...      6,536  x  10" 

21,780  x  10" 

"The  result  is  21,780  x  10»  tons"  of  chlorine  in  the  orieinal 
ocean.  Of  this,  11  per  cent,  will  have  been  combined  with  sodium 
as  already  explained,  the  remainder  combining  with  the  other  bases 
of  the  magma.  This  gives  1,972  x  10"  tons  of  sodium  in  the 
original  ocean.     Hence  we  have — 

Tons  of  sodium  in  the  present  ocean 15,627  x  10" 

Tons  of  sodium  in  the  original  ocean 1,972  x  10" 

Difference  given  as  hrought  in  hy  rivers       13,655  x  10" 

This,  divided  by  the  annual  supply  of  sodium  by  rivers,  viz. 
15,724  X  10^  tons,  gives  as  a  final  result  86*8  X  10*  years  for  the  age 
of  the  world. 

111.  In  this  section  some  slight  modifications  of  the  supply  of 
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ndiiiia  hj  riTeia  to  the  ocean  are  oanai<Iere<1.  Tho  eBtimate  of 
69'3  milHoiiB  of  years  is  finally  arrived  at  aa  "  based  on  the  most 
n^lete  estimstes  of  prolmbilitiea." 

Iv.  We  neit  have  a  short  geological  (liaouBsion  on  the  origin  of 
beds  of  rock  salt ;  bat  the  author  ouuchidos  that  these  have  ecaroely 
(uy  boaring  upon  his  theory. 

V.  In  this  section  the  rates  of  percentages  of  socla  and  potash  in 
ieneoas  and  sedimentary  rockn  respectively  are  oongidereil.  Seeing 
inat  tha  sedimentaries  have  been  ultimately  derived  from  the  igueons, 
the  diSeretioe  needs  to  bo  ncoonnted  for.  The  di(r«renco  is  con- 
aderable ;  for  while  in  the  igneous  the  perocutageH  are  of  potash 
2-83  and  of  soda  3*61.  in  the  Mdimenlarie!)  they  are  of  potash  2-49 
and  of  soda  1'47.  "If  now  the  ioferenoe  is  right  that  the  missing 
ilkatiee  [i.e.  the  deScienoy  of  soda  in  the  sedimentariee]  wera 
supplied  to  the  ocean,  we  should  expect  to  find,  on  a  rongh  approxi- 
coation  of  the  bnlk  of  Bedimentaries,  and  hence  of  the  originrd  rooki 
giving  rise  to  them,  that  auoh  a  mass  of  parent  rock  would  be 
adeqoate  to  supply  the  sodium  in  the  ocean."  This  the  author  olaims 
to  be  the  case,  allowing  for  the  sodium  retained  in  beds  of  tock  salt. 
The  weight  of  this  argtimenl  clearly  depends  npon  what  reliance  we 
«sn  place  upon  the  estimate  of  the  bulk  of  tbe  Bedimentaries,  whioh 
ii  taken  from  Mr.  Mellard  Reade.'  Professor  Joly  accepts  bis 
estimate  of  a  layer  2  miles  thick  over  the  laud  area,  which  on 
dedaoting  the  calcareous  rooks  is  reduced  to  1-6  miles.  This,  how- 
«nr,  is  rodnoed  atill  farther  by  a  oonne  of  somewhat  oomplioated 
nauoning  to  1*1  miles,  and  the  oonolusion,  aooentnated  b;  itklioa,  is 
thns  Btatod  : — 

"Hence  it  appean  that,  if  a  thiehmt  of  I'l  mile  of  roek  ipraad 
oter  the  laitd  area  repreient  the  baii  of  the  entire  (Utrilal  lilieeoue 
ledimtiUary  roeka,  inelattve  of  aubmarine  detritus,  and  lAts  eonilitviet 
67  per  eent.  of  the  entire  etdttiwnlariei  of  the  earth,  invading  matter  i» 
solKtion  IK  the  tea,  the  sodttim  contained  in  the  tea,  added  to  what  it  left 
«rsr  IN  the  detrital  tedimentt,  would  laffiee  to  reetore  to  the  entire  matt 
a  toda  percentage  almoit  equal  to  that  in  the  eruptive,  igneout,  oad 
crytlalUne  roeki;  the  deficienoy,  about  0-4  per  cent,  exists  partly  in 
rook>aalt  deposits." 

Hie  bearing  of  this  section  upon  the  general  argnment  is,  that 
Uie  aodinm  in  the  ooetm  may  be  regarded  as  having  been  all  of  it 
derived  from  the  original  rook  magma. 

TL  llie  ratio  of  potash  to  soda  in  the  ooean  is  1  to  81  nearly, 
whereas  in  the  river  disoharge  it  is  1  to  2-8,  that  is,  there  is  abont 
eleven  times  as  much  potash  oompared  to  soda  in  tbe  rivers  as  there 
is  in  the  ooean.  It  is  therefore  clear  that  at  this  rate  the  present  ratio 
of  these  alkalies  in  the  ooean  oonld  not  have  been  contributed  by  the 
rivers.  "  We  must  then  suppose  that  the  rivers  are  now  supplying 
more  potash  relatively  to  soda  than  formerly ;  or  that  some  process 
of  abatiaodon  of  the  potash  from  the  ocean  is  in.  oontinnal  progress." 
The  antbor  oomee  to  the  oonoluaioD  that  there  is  no  reason  to 
•appbae  that  the  ratio  of  the  alkalies  in  the  river  supply  differed  in 
>  Oioi.  Mio.,  Dec  III,  ToL  X  (ifiSJ),  5. 91. 
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times  past  from  what  it  is  now»  but  attributes  the  defioienpy  of 
potash  in  the  ooean  to  a  continual  abstraction  of  that  alkali  in 
deposits  which  have  always  been,  and  still  are,  going  on  upon  the 
sea  bottom,  especially  in  the  form  of  glauconite.  Moreover,  while 
the  soda  brought  by  rain  from  the  ocean  is  returned  to  it  again, 
much  of  the  potash  is  retained  by  vegetation,  and  finally  deposited  in 
the  strata. 

[Is  it  certain,  however,  that  the  primseval  ocean  did  not  oontain 
soda  ?    If  it  did,  the  excess  would  be  at  once  explained.] 

VII.  The  uniformity  of  denudation  by  solution  throughout 
geological  time  is  a  first  requisite  of  Professor  Joly's  calculation. 
The  objection  which  would  be  probably  made  is,  that  the  sodium 
supply  by  rivers  will  have  been  greater  in  early  times.  To  meet 
this  he  first  argues  for  a  nearly  equable  distribution  of  land  and  sea 
all  along,  so  that  there  would  not  have  been  formerly  much  laiger 
areas  exposed  to  denuding  agency  than  now.  This  portion  of  the 
present  section  is  very  interesting  from  a  geological  point  of  view, 
and  is  well  reasoned.  No  claim  is  made  to  settle  definitely  th» 
ratios  of  rainfall  during  successive  epochs. 

In  the  next  place  the  author  meets  the  possible  objection,  that 
it  might  be  thought  that  formerly  greater  areas  of  the  land  sur&oes 
were  occupied  by  crystalline  rocks,  which,  containing  a  larger 
percentage  of  sodium  than  the  sedimentaries,  would  have  supplied 
that  element  at  a  quicker  rate.  In  later  times  the  sedimentaries 
would  occupy  a  larger  proportion  of  the  exposed  surface,  but  the 
balance  of  supply  would,  he  thinks,  be  rectified  by  the  greater  eas& 
with  which  the  sedimentaries,  aided  by  disintegration  into  soils, 
yield  up  the  alkalies  they  contain. 

YIII.  In  this  section  ''a  very  interesting  but  difficult  line  of 
enquiry  is  suggested  in  the  probable  facts  of  geological  denudation  '* 
referred  to  in  the  previous  section.  The  object  in  view  appears  to 
be  to  support  the  theory  of  unifoi-mity  of  sodium  supply. 

IX.  By  ''  the  solvent  denudation  of  the  ocean  "  is  meant  its 
action  upon  the  coastlines.  This  is  believed  by  the  author  to  be 
small  compared  with  what  goes  on  upon  land  surfaces.  Moreover, 
experiment  has  shown  that  sea- water  has  little  effect  in  decomposing 
felspars,  and  similarly  the  volcanic  products  which  are  so  abundant  in 
deep-sea  deposits  have  the  alkali  ratio  of  igneous,  not  of  sedimentary 
rocks — "  a  plain  proof  that  the  waters  of  the  ocean  do  not  affect 
them  as  would  terrestrial  rain  and  rivers."  The  correction  on  the 
world's  age  on  account  of  the  solvent  denudation  of  the  ocean  will 
be  sufficient  if  half  a  million  years  is  allowed.  The  final  conclusion 
is  that  *'  our  'present  knowledge  of  solvent-denudation  of  the  eartKs 
surface  points  to  a  period  of  between  eighty  and  ninety  miUionB  of 
years  having  elapsed  since  water  condensed  upon  the  earth,  and  ndn 
and  rivers  and  the  actions  continually  progressing  in  the  soils  began 
to  supply  the  ocean  with  materials  dissolved  from  the  rocks." 

As  Major  Button  has  somewhere  remarked,  "  If  we  enquire  of 
Mother   Earth   her  age   her  face  is  the  face  of  a  sphinx.'*     Has 


JBeviews — J.  Johf%  Age  of  the  Earth,  129 

Frofeaior  Joly  read  her  riddle  aright?    The  suggestion  of  some 
oritioisms  may  be  exonsed. 

In  the  first  place,  it  does  not  appear  safe  to  take  the  intensities  of 
actions  now  going  on  as  a  measure  of  those  in  past  ages,  because  thn 
earth  has  been  losing  energy  ;  and,  as  Professor  Darwin  has  pointed 
oat  in  his  book  on  **  The  Tides,"  meteorological  agencies  must  have 
formerly  been  more  powerful  than  they  are  now.  In  the  writer's 
opinion,  in  dealing  with  events  of  long  past  ages  the  interaction  of 
the  moon  upon  the  earth  ought  not  to  be  lost  sight  of.  This  is 
inversely  proportional  to  the  cube  of  her  distance,  which  distance 
was  once  much  less  than  it  is  now,  if,  indeed,  the  moon  was  not 
onoe  a  portion  of  the  earth  suddenly  detached.  If  such  was  the  case, 
the  primaeval  condition  of  the  earth's  surface  may  have  been  pro- 
foundly modified  by  the  stupendous  event 

The  assumption  made  that  the  primitive  ocean  did  not  contain 
alkalies  appears  to  require  that  the  alumina  in  the  original  magma 
iras  exactly  proportioned  to  the  alkalies,  so  that  when  the  felspathic 
minerals  were  formed  there  was  neither  alumina  left  nor  alkalies,  as 
there  certainly  was  silica  in  abundance,  still  uncombined.  If  this 
proportion  did  not  hold,  there  would  have  been  either  alumina 
uncombined  in  the  crystalline  rocks,  or  alkalies  over  to  combine 
irith  the  acids  in  the  ocean — presumably  the  latter,  seeing  that 
alkaline  salts  abound  in  it  at  present.  That  this  due  proportion 
should  have  existed  does  not  seem  probable.  If  there  was  soda  in 
the  primaeval  ocean,  that  would  shorten  Professor  Joly's  estimate  of 
the  earth's  age. 

The  various  sodium  salts  in  the  rivers  are  in  the  proportion  of 
sulphate  32,  nitrate  27,  chloride  17,  nearly.  The  decomposition  of 
iron  sulphide  would  supply  the  sulphuric  acid.  Bacteria  in  the 
soils  would  supply  the  nitric.  But  whence  camo  the  chlorine? 
The  amount  of  0-01  per  cent,  stated  to  occur  in  crystalline  rocks 
seems  insufficient  Sodium  occurs  as  carbonate  rather  abundantly 
in  some  rivers  and  artesian  wells,  which,  Sterry  Iluut  remarks,  **has 
its  source  in  the  decomposition  of  felspathic  minerals."  ^  This  shows 
that  the  direct  product  of  these  rocks  is  the  carbonate  rather  than 
the  chloride.  Is  it  not  probable  that  the  chlorides  of  sodium,  and  to 
a  small  extent  of  lithium,  are  derived  from  sedimentary  rather  than 
from  crystalline  rocks;  not  from  the  decomposition  of  these  rocks, 
but  from  what  Sterry  Hunt  calls  the  "  fossil  sea  water  still  to  bo 
found  imprisoned  in  the  pores  of  the  older  stratified  rocks,'*  ^  and 
presumably  in  the  younger  as  well  ? 

This  idea  had  occurred  to  the  writer  before  referring  to  Sterry 
Hunt's  book,  and  he  bad  already  begun  to  examine  a  specimen  of 
the  Silurian  rock  (Wenlock  shale)  obtained  from  the  depth  of 
880  feet  in  the  New  River  Company's  borehole  at  Ware  ;  for  it 
seemed  probable  that  this  rock  has  never  yet  been  exposed  to 
atmospheric  influences,  so  that  it  would  contain  all  the  salts  which 
were  present  in  the  mud  of  the  very  early  ocean  from  which  it  was 

^  "Chemical  and  Geological  Essays,"  p.  85. 
»  Ibid.,  p.  41. 
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consolidated.  And  it  is  distinctly  salt  to  the  taste.  On  Babmittmg 
a  fragment  of  this  rock  for  examination  to  Mr.  Puryis,  of  the 
Cambridge  University  chemical  laboratory,  he  found  that  it  contained 
0*568  of  soluble  matter,  of  which  0*042  per  cent  consisted  of  chlorine 
calculated  to  sodium  chloride.  Now  the  specific  gravity  of  this  rook 
is  2*59.  Consequently,  since  a  cubic  foot  of  water  weighs  1,000 
ounces,  there  are  1*08  ounces  of  chlorides  in  a  cubic  foot  of  the  rook 
and  2*27  ounces  of  other  soluble  salts.  In  like  manner  a  piece  of 
Devonian  shale  from  Meuz  Brewery  in  Tottenham  Court  Koad  at 
the  depth  of  1,070  feet  was  found  to  yield  1*11  per  cent,  soluble  in 
water,  but  the  amount  of  chlorine  was  too  small  to  determine. 

It  is  interesting  to  compare  these  old  rocks  with  such  as  we  might 
suppose  would  now  be  forming.  Accordingly  it  was  found  upon 
squeezing  dry  some  mud  from  Southampton  Water  that  the  matter 
soluble  in  water  was  0*495  per  cent,  and  of  ''  chlorine  calculated  to 
sodium  chloride  0*074  per  cent."  This  mud  was  derived  from 
Middle  Bracklesham  sands,  and  yielded  a  soft  sandstone  rook  when 
consolidated  in  a  hydraulic  press. 

Some  mud  from  the  Fleet  near  Weymouth,  when  treated  in  the 
same  manner,  yielded  0*9  per  cent  of  soluble  matter,  of  which 
chlorine  calculated  to  sodium  chloride  gave  0*29  per  cent. 

It  is  remarkable  that  the  total  amount  soluble  in  these  hypothetioBl 
recent  rocks  is  closely  analogous  to  that  in  the  ancient  rocks 
examined,  and  also  that  the  proportion  of  sodium  chloride  in  both 
cases  is  comparatively  small ;  whereas  in  sea- water  it  is  very  much 
greater  than  that  of  any  other  salt.  Mr.  Purvis  adds :  '*  This  pressed 
mud  also  contains  probably  mixed  sulphates,  such  as  magnesium 
sulphate,  sodium  sulphate,  potassium  sulphate,  and  calcium  sulphate." 
It  is  natural  to  conclude  that  the  decomposition  of  iron  sulphide  in 
the  original  sands  may  have  converted  much  of  the  chloride  into 
sulphate.  Sulphuric  acid  is  also  a  product  of  the  combustion  of 
coal,  which  would  account  for  the  presence  of  a  certain  amount  in 
localities  like  those  from  which  these  muds  were  obtained.  But 
the  point  of  interest  is  the  probable  substitution  of  sulphates  for 
chlorides,  from  whatever  source  the  acid  may  have  come.  This 
consideration  shows  that  there  may  have  been  originally  more  sea 
salt  in  a  sedimentary  rock  than  is  indicated  by  the  quantity  of 
sodium  chloride  it  now  contains. 

Another  point  to  be  noticed  is,  that  the  amount  of  salts  in  the 
ancient  rocks  being  so  near  that  in  rocks  now  presumably  being 
deposited,  shows  that  the  ocean  was  about  as  salt  then  as  it  is  now, 
and  consequently  not  much  additional  sodium  Cfioi  have  accumulated 
in  it  during  the  long  ages  since  Silurian  times. 

In  the  18th  annual  report  of  the  U.S.A.  Qeological  Survey* 
upwards  of  sixty  analyses  of  well  waters  are  recorded  in  Indiana 
and  Ohio.  In  the  artesian  wells  sodium  chloride  is  very  abundant, 
to  the  amount  of  1,000  to  3,000  grains  to  the  U.S.A.  gallon.  These 
waters  appear  to  be  found  in  sedimentary  rocks.   In  the  19th  report  * 

1  1896-7,  pt.  iv,  p.  600. 

»  1897-8,  p.  650,  "  Rock  Waters  of  Oh'o." 
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we  read :  "  Water  Trom  a  gi-eater  depth  [not  siAOUtd]  ItoUl  ttHflwl 
chloridoB  as  nell.  Chloride  of  sodium  is  b;r  ^^  t^*  HHMt  aOMlW, 
but  chlorides  of  magnesium  and  caloium  an  ollaa  kUbcL  flooh. 
waters  ara  usually  called  saline.  The  proMUM  tt  oUodUM  ii 
seldom  shown  io  waters  at  leas  tliao  100  feet  in  dapA.  ...*'■*•  It 
is  very  rare  that  the  drill  de»cends  to  SIX)  ft^.^  wllboot  wwoantariag 
saline  water."     These  wators  are  from  Siliuiia  bads. 

The  conclusion  to  be  drawn  from  tlicKo  nourkt  ll,  &«t  MMM 
of  the  sodium  found  in  river  waters  may  pi'obtblTba  dsrlvadftOB 
the  "  fossil  waters  "  of  old  sea  muds,  and  if  thit  u  tha  OUM,  tt  b  In 
circutatioii  from  the  ocean  to  the  stratified  mdn  lad  i»A  agalik 
No  doubt  much  sodium  may  find  its  way  into  ilvan  tmmailllJy 
&om  the  felspar  of  rooks,  but  we  are  not  jusllflsdin  imdttillgall'm* 
•odium  conveyed  to  the  oooaa  as  having  besn  np^tod  lb  MMW  bl 
that  manner.  This  consideration  would  lengthta  TroftMor  Jolj^ 
estimate  of  the  world's  ago  by  an  unknown  petlod. 

An  enquiry  not  without  intorest  may  b*  nuda  H  foDowa:^ 
Supposing  the  whole  of  the  land  area  to  condat  of  nudta;  fiirllOV 
many  years  woiiM  a  foot  thickness  of  the  kod  aawplT  tba  aoffiom  aa 
cartiod  down  by  the  rivers  at  the  present  rataf  Mr,  Hanill'a  book 
an^iaa  dta  data  to  anawer  tUa  qoeatloii.'  He  daaoribaa  a  aaofloa 
nan  aoHd  malta  oooan  at  tbs  bottom,  and,  after  puring  thioo^ 
aa  fatamanata  ataga  of  waadurin^  ia  diriatwratad  into  laafl  at 
fta  anfaea.  It  appean  legitimate  to  aaaame  that  tliia  prooaaa  of 
diiiategration  keeps  pace  with  the  denudation  of  the  surface.  Mr. 
Merrill  aays  that  the  solid  granite,  in  the  prooeaa  of  disintegration 
into  the  residual  sand,  loses  2862  per  cent,  of  its  soda.  Now  the 
weight  of  the  sodium  is  the  weight  of  the  soda  minus  the  weight  of 
the  combined  oxygen,  so  that  it  will  be  23/31  the  weight  of  the 
•oda.  Also  he  tells  us  that  the  weight  of  the  soda  is  2-68  per  oent 
of  the  solid  granite ;  and  aooording  to  Mallet  a  oubio  foot  of  granite 
weighs  198-34  pounds. 

With  these  data  it  appears  that  the  weight  of  the  sodium  in 
a  cnbio  foot  of  granite  is  0-00017029  of  a  ton. 

Aooepting  Professor  Joly's  figures,  the  land  area  in  square  feet 
will  be  55,811,000  x  (5,280)',  which  gives  us  the  volume  of  a  layer 
a  foot  thick  covering  the  land  area;  also  the  weight  of  the  sodium 
snnnally  discharged  by  the  rivers  is  157,267,644  tons.  Dividing  this 
by  the  volume  of  the  one  foot  layer  multiplied  by  the  weight  of 
sodium  in  a  cubic  foot,  we  get  1/SOOU  of  a  foot  of  granite  aa 
-competent  to  supply  the  sodium  of  the  rivers  in  the  annual  prooeia 
of  disintegration. 

We  may  henoe  conclude  that,  if  the  land  area  consisted  of 
granite,  the  rate  of  denudation  would  be  one  foot  in  5,000  years. 
Sir  A.  Geikie,  in  his  "  Text  Book  of  Qeology  "  (p.  444),  acoepta 
one  foot  in  6,0U0  years  as  a  probable  mean  for  tha  rate  of  denudation. 
It  is  oertainly  remarkable  that  the  result  we  have  obtained  oomes 
near  this,  fiat  when  we  remember  that  but  a  small  portion  of  the 
land  anrfaoe  consists  of  crystalline  rocks,  and  that  the  mean 
>  '•  On  Bock*  tnd  Roek  Weathehog,"  p.  %09. 
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percentage  of  soda  in  sedimentary  rocks  is  only  1*47  (p.  44),  it  i» 
obvious  that  a  much  higher  rate  of  denudation  would  be  required 
to  yield  annually  by  decomposition  of  such  rocks  the  amount  of 
Bodium  carried  down  by  the  rivers.  The  conclusion  will  be  that» 
if  one  foot  denuded  in  6,000  years  is  near  the  truth,  the  sodium  in 
the  rivers  must  have  some  further  source  than  the  soda  which  forms 
a  mineral  constituent  of  the  surface  rocks,  and  that  this  additional 
soda  is  probably  derived,  as  already  suggested,  from  "  fossil "  sea- 
water.  Ought  not  also  some  allowance  to  be  made  for  the  soda 
introduced  into  rivers  by  human  agency  ? 

The  style  of  the  paper  leaves  here  and  there  a  little  to  be  desired 
in  respect  of  clearness;  for  instance  (p*47),  <'We  can  apply  to  the  mean 
analysis  of  the  sedimentaries  on  the  one  hand,  and  to  that  of  the  original 
crust  on  the  other,  to  arrive  at  a  rough  estimate  of  the  loss  of  entire 
rock  by  solution  in  the  process  of  formation  of  the  former."  Again 
(p.  46),  **  We  accept  one  mile  deep  of  these  [detrital  sediments]  on 
the  land,  and  confining  ourselves  to  purely  detrital  siliceous 
sediments,  assume  that  as  much  as  10  per  cent  of  what  is  on  the 
land  is  in  the  sea  [!],  or  say  a  total  of  1*1  mile  deep  over  the 
land  area." 

In  this  important  essay  Professor  Joly  has  opened  up  an  entirely 
new  line  for  the  investigation  of  geological  time.  It  is  too  soon  to 
pronounce  whether  his  numerical  estimate  is  fully  to  be  relied  upon, 
until  it  has  been  a  little  while  before  the  scientific  world.  His 
period  of  between  80  and  90  million  years  will  perhaps  satisfy 
geologists  as  being  sufficient.  The  leading  physicists,  on  the  other 
hand,  are  disposed  to  grant  us  a  good  deal  less  time. 

0.   FiSHKB. 
Harlton,  Cambridge. 
January  22,  1900. 

II. — The  Fauna  op  the  Silurian   op   Podolia. 

Fauna  slluriiskikh  otlozhenii  podol'skot  gubernil.  Die  Fauna  der 
Silurischen  Ablagerungen  des  gouvernements  Podolien.  By 
P.  N.  Venyukov  (Wenjukow).  Mater.  Geol.  Russlands,  XIX, 
pp.  21-266,  pis.  i-ix ;  November,  1899. 

PODOLIA,  which  lies  to  the  south-west  of  Kiev,  is  bounded  on 
the  south  by  the  Dniester  and  on  the  west  by  Galioia,  and  is 
drained  by  a  river  beloved  of  every  schoolboy — the  Bug.  The 
Silurian  rocks  are  all  in  the  south-west  of  the  province,  adjoining 
the  similar  formations  of  Galicia.  The  present  work  by  Professor 
Venyukov  of  Kiev  describes  the  fauna  of  these  rooks,  unfortunately 
for  us,  in  Russian ;  but  the  broad  results  may  be  gathered  from  the 
short  abstract  in  German,  while  the  new  species,  of  which  there  are 
not  a  few  among  corals,  brachiopods,  molluscs,  and  ostracods,  may  to 
some  extent  be  identified  from  the  plates.  The  Silurian  geologist 
will  certainly  have  to  read  the  abstract,  and  the  specialist  in 
paladontology  must  get  the  Russian  descriptions  translated  for  him. 
Here  we  give  only  the  main  conclusions. 


Reviews — Baron  von  Toll — The  Siberian  Cambrian,       l33 

The  Silartan  rooks  of  Podolia  consist  chiefly  of  limestone,  and 
maj  be  divided  into  three  series  {Eorizonie)^  each  characterized  by 
a  more  or  less  independent  fanna,  which  developed  and  altered 
Coring  the  deposition  of  the  series.  The  lowest  series,  which  oocurs 
in  the  south-east  of  the  Silurian  area,  near  Studenitza,  is  very 
poor  in  corals  and  gasteropods,  but  rich  in  brachiopods,  especially 
AtrypidsB  and  Leptsenidfld.  Among  the  characteristic  species  are 
Strophomena  antiquata,  Atrypa  eordata,  A.  tmbricata,  A.  Barrandei, 
A,  m§be,  PerUamerm  Unguifer,  and  Qlassia  comprema.  This  is 
correlated  with  the  Wenlook  Shale,  and  with  bed  c  of  Lindstrom's 
Gotland  scale.  The  middle  series  has  a  wider  extent,  and  is  exposed 
along  the  north  bank  of  the  Dniester.  It  is  very  rich  in  corals, 
such  as  Cyathophyllum  ar/ictt/a(tim,  Ptychophyllum  truneaium,  BhizO" 
phyflum  gotlandieum,  while  gasteropods  of  the  genera  Oriostoma 
(esp.  O.  discors,  0,  glohosum),  Mnrchisonia,  and  Pleuroiomaria  are 
characteristic  and  abundant.  The  brachiopods  are  represented 
chiefly  by  Rhynchonellidsd  and  Pentameridad.  The  series  is  clearly 
capable  of  further  subdivision,  but  in  the  main  is  correlated  with  the 
English  beds  from  Wenlock  Limestone  to  Aymestry,  and  with  d,  e,  f 
-of  Gotland.  The  uppermost  series  occurs  towards  the  north  of 
the  area,  near  Dumanov  and  Earaenez-Podolsk.  Brachiopods  pre- 
ponderate, and  among  the  species  may  be  noticed  Sptrifer  Tlietidis, 
S,  robttstus,  Bhynchonella  nympha,  B.  Hebe,  and  Atrypa  suhlepida. 
There  are  scaixsely  any  moUusca  and  few  trilobites;  but  there  are 
some  ostracods  and  tho  characteristic  Earypterua  Fischeri  and 
Scaphaspis  obovatus  (?).  As  local  developments  are  beds  of  crinoid- 
limestone,  in  which  Crotalocrinua  rugosua  is  the  only  recognized 
8{>ecie8.  A  similar  occurrence  is  cbaracteristio  of  the  Gotland 
liorizons  g  and  i,  with  which  this  is  correlated.  Its  English 
representatives  are  the  Upper  Ludlow  and  Passage  Beds. 

It  is  clear  that  for  the  greater  part  of  Silurian  time  the  Podolian 
Area  formed  a  part  of  the  great  northern  basin  in  which  the  rocks  of 
En«^land,  Gotlaml,  and  North-West  Russia  were  deposited.  It  was, 
liowever,  connected  with  the  Bohemian  basin,  and  this  connection 
increased  until  in  Lower  Devonian  time  the  Podolian  sea  formed 
a  link  between  Bohemia  and  the  Ural  basin.  F.  A.  B. 


III. — Beitraoe  zur  Kenntniss  des  Sibirischkn  Ca3Ibrium.  Von 
Eduard  von  Toll.  Memoires  de  rAcademio  Impuriale  des 
Sciences  de  St.  Petersbourg.     Sorie  viii,  vol.  viii.  No.  10,  1899. 

Contributions  to  a  Knowledge  of  tub  Siberian  Cambrian. 
By  E.  von  Toll.  4to ;  pp.  iv  -h  57,  with  9  woodcuts  and 
8  plates. 

IN  this  memoir  Baron  von  Toll  records  the  discovery  of  beds  of 
sandstone,  shale,  and  limestone,  with  Cambrian  fossils,  in  several 
localities  in  Eastern  Siberia  widely  separated  from  each  other,  which 
«eem  to  indicate  the  existence  in  this  region  of  an  extensive  basin  of 
Cambrian  deposits.  The  rocks  have  previously  been  regarded, 
owing   to  an  erroneous  determination   of   some   \iii^Qt^^Q\.  io%%\\»^ 
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as  of  Devonian,  Carboniferons,  and  TriasBio  age.  The  strata  are 
prinoipally  exposed  in  the  banks  of  the  great  rivers,  and  fossila 
have  been  found  in  the  following  localities :  (1)  Torgosdhino,  near 
Krasnojarsk  on  the  Yenesei,  56°  N.  lat,  93°  E.  long. ;  (2)  on  the 
right  bank  of  the  Vilyui,  63°  N.  lat,  115°  E.  long.;  (3)  on  the 
Oienek,  in  70°  N.  lat.,  120°  E.  long.;  and  (4)  on  the  Lena, 
between  Oleminsk  and  Yakutsk,  in  64°  N.  lat.,  128°  E.  long. 

From  limestones  on  the  Lena  the  author  describes  two  species  of 
Ptychoparia  related  to  forms  in  the  Olenellus  zone  of  North  Amerioa ; 
three  new  species  of  Mierodiseus,  two  of  which  approach  closely  to 
American  forms ;  Agnosiwif  sp.n. ;  fragments  of  a  doubtful  OleneHus ; 
Kutorgina  eingulata^  Billings ;  an  Obolella  related  to  0.  chromatica. 
Bill. ;  and  an  undetermined  HyoUthes. 

The  beds  on  the  Oienek  contain  BaihyuriteuB  Howellif  Waloot, 
a  Middle  Cambrian  species  found  originally  in  Nevada ;  Agno9tu» 
Czehanowikii,  Fr.  Schmidt ;  and  some  worm  tracks.  From  the  Vilyui 
Fr.  Schmidt  has  already  described  Anomocare  Fawlowskii  and 
LiostraeuB  ?  Maydelli, 

From  limestones  at  Torgoschino  on  the  Yenesei  two  species  of 
Trilobites,  Proetua  Slaikowskii  and  Cyphaspia  Sibirica,  had  been 
described  by  Fr.  Schmidt :  the  former  of  these  is  now  determined 
by  the  author  to  belong  to  the  Cambrian  genus  Dorypyge,  Dames, 
and  the  latter  with  some  doubt  to  Solenopleura,  Angelin. 

The  Yenesei  rocks  likewise  contain  numerous  representatives  of 
the  widely  distributed  Cambrian  family  of  the  ArchaaocyathinsB. 
The  author  describes  six  species  of  Archaocyathua,  Bill.,  three  of 
which  are  new,  and  three  considered  to  be  identical  with  species 
from  the  Cambrian  rocks  of  Sardinia.  Of  the  allied  genus  Coactno- 
cyathns,  Boruemann,  seven  species  common  to  the  Sardinian  rocks 
and  one  new  are  recognized,  and  there  is  cdso  a  doubtful  form  of 
Frotopharetra,  Bornemann.  The  Yenesei  examples  of  this  family, 
like  those  from  Sardinia,  appear  to  be  enclosed  in  a  very  hard  lime- 
stone, so  that  they  can  be  studied  only  in  sections;  consequently 
the  recognition  of  specific  characters  is  very  dilHcuIt,  and  complete 
identification  of  species,  as  the  author  acknowledges,  is  hardly  to  be 
expected. 

A  new  genus,  Ehahdocyathua,  is  also  proposed :  it  agrees,  in  the 
laminate  character  of  the  wall,  with  Spirocyathus,  Hinde,  but  it 
possesses  neither  septa  nor  dissepiments,  and  the  space  between  the 
inner  and  outer  wall  layers  is  traversed  by  tubes  which  open  on  the 
exterior  surface  as  rows  of  pores.  The  author  considers  that  this 
form  represents  a  simpler  type  of  the  family  than  any  hitherto 
known,  and,  further,  that  it  furnishes  a  clue  to  the  systematic 
position  of  the  group,  which,  as  is  well  known,  is  not  as  yet  by  any 
means  settled.  The  Archaeocyathinas  have  been  in  turn  referred  to 
siliceous  sponges,  foraniinifera,  and  perforate  corals,  but  their 
resting-place  in  any  one  of  these  divisions  has  not  received  the 
general  support  of  palaH)ntologist8.  Von  Toll  puts  forward  a  fresh 
suggestion,  namely,  that  they  are  possibly  Calcareous  Alga3,  whose 
nearest  relations  are  to  be  found  in  the  Tertiary  genus  Acicularia, 
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D'ArchiiLo,  and  tha  existing  Aeelabutaria,  Laiux.  Wbatever  nun  ba 
the  final  oonoiusian  regpecliog  tlie  nature  of  the  ArobtBOcy a thmw^ ; 
their  signiScaDcs  as  ckaraoleriBLio  fosfiils  of  Cambrisa  strita  il: 
fnrtlier  manifested  by  tbeir  ooourcenoe,  in  association  with  Dorjgff^ 
in  Eastern  Siberia. 

It  way  be  hoped  that  the  author's  antioipatioDB  of  iresh  dil<. 
covories  of  fossils  in  these  anoient  rooks  in  the  works  for  the  gnat  ■ 
Siberian  railway,  now  in  progreBs,  will  ba  fully  realized. 

G.  Jr  H.     ' 


Okolooioju.  Sooikty  or  Loxnon. 

I-Jannary  10,  1900.— W.  Whitaker,  B.A.,  F.R.S.,  Fresidao^  in 
the  Chair.     The  following  oomrauaioatioos  were  read  ■.^• 

L  "  On  a  FartioiUv  ronn  of  Smfaoe,  tbs  BeniU  of  Ulaoial  and 
Stbasriol  Eroadon,  uea  on  Loah  Loohy  and  elHwh«ie."  By 
Ot,  W.  T.  BhBlbrd.  F.B.a,  "Tntm.  Q.B. 

TbS»  fonn  of  wxaluoo,  fint  notioed  by  the  author  oa  Lake  OomOt 
WW  Bftenraida  obwrred  in  the  Great  Qlan  of  Sootland  and  in 
Biitiah  Colninbia,  It  oonaiits  of  an  almost  even  j^ane  eloping  at' 
a  moderate  or  high  angle,  and  out  at  intervals  by  small  ravines  or 
chanDels.  The  sides  of  the  Great  Glen  have  been  planed  by  glaoier- 
actioii  to  a  greater  extent  than  usual,  and  between  Loch  Lochy  and 
Loob  Oioh,  near  Laggan,  the  sides  of  the  Qlen  have  a  regular  and 
flatslopeof  over35°up  toabout  1,000  feet  above  sea-level.  Numerous 
stream-out  channels  draining  down  this  slope  are,  on  an  average,  not 
more  than  10  to  15  feet  deep,  but  sooie  quite  exceptional  examples 
may  be  50  feet  deep ;  these  channels  occupy  less  than  a  fourth  of 
the  Burfaoe.  In  addition  there  are  larger  glens  which,  although 
they  run  out  into  shallow  ravines  where  they  cut  the  sloping 
side  of  the  Great  Olen,  are  frequently  500  feet  in  depth  among  thu 
hilla.  If  these  were  ordinary  stream- valleys  before  the  Glacial 
Period,  the  cutting  away  of  the  ridges  separating  them  to  the  extent 
of  at  least  260  or  SOO  feet  must  be  attributed  to  glacial  erosion  on 
the  sides  of  the  Great  Glen.  The  erosion  of  the  small  ravines  iu 
the  glacial  slope  must  have  been  effected  by  streams  in  post-Olaoial 
times,  and  the  measurement  of  their  rate  of  erosion  might  be 
expected  to  throw  light  on  the  amount  of  time  which  has  elapsed 
since  tlie  Glacial  Period  in  this  distrioL  "  The  general  effect  pro- 
dnoed  by  the  whole  evidence  is  ...  .  the  small  amount  of 
denudation  that  has  taken  place  since  the  Great  loe  Age,  and  the 
necessary  dedaotion  that  no  great  period  of  time,  measured  in 
years,  can  have  elapsed  between  the  Glacial  Epoch  and  the 
preaent  day," 

2.  "  On  the  Geology  of  Northern  Anglesey."  Fart  II.  By  C.  A. 
Mstley,  B.So..  F.G.8. 
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The  present  paper  deals  in  the  first  place  with  the  stratigraphy  of 
the  Northern  Complex.  The  following  table  shows  the  suooession  of 
the  rocks  in  descending  order : — 

C.  Thb  Llakdbilo  Strata. 

Feet. 

C^.  Black  argillaceous  shales       40;  top  not  seen. 

Ce.  Ironstone,  in  part  oolitic       20 

C  b.  Ore?  Quartzose  shales  or  slates,  striped  by  thin,  black  laminffi  160 

Ga.  2w  rale  conglomerates  and  grits      600 

1.  Bed-purple  conglomerate 180 

B.  The  Llanbadrio  Sbries,  about  1,000  or  1,600  feet;  apparent  order  :— 

B/.  Quartzite. 

B  #.  Pebbly  slates. 

B  d.  Slates  with  erit  and  quartzite  bands. 

B^.  Quartzites,  shales,  and  some  limestone  (Forth  Padrig,  etc.). 

B  h.  Limestone  (as  at  Trwyn  y  Pare). 

B  a.  Grits  and  slates,  usually  smashed  to  a  crush-conglomerate. 

A.  Thb  Gbbbn  Sbkibs. 

Greenish  and  bluish  slates  (of  the  Northern  Complex). 

The  rooks  strike  east-souCh-east,  and  dip  usually  at  a  high  angle 
northward;  a  well-marked  transverse  fault  divides  the  complex 
into  western  and  eastern  portions.  The  Llandeilo  rocks  occupy  four 
strips  of  ground  in  the  west  and  three  in  the  east,  but  the  full 
succession  does  not  occur  in  any  one  of  these  outcrops.  The  effects 
of  compression  are  much  marked  in  the  purple  conglomerate ;  the 
matrix  is  dragged  out  along  small  shear-planes,  and  the  pebbles  are 
stretched  into  phacoids,  slip-faulted,  and  their  extremities  tailed  out 
A  deceptive  appearance  of  unconformity  is  also  produced  at  the 
junction  of  grits  and  shales.  Fossils  are  found  in  some  of  the 
rocks.  The  Llandeilo  rocks  are  of  importance,  as  they  reveal  the 
existence  of  at  least  four  shattered  synclines,  usually  faulted,  and 
probably  all  overthrust  on  their  northern  boundaries. 

No  fossils  have  been  found  in  the  Llanbadrig  rocks,  and  no  more 
definite  assertion  of  their  age  is  possible  than  that  they  are  pre- 
Llandeilo.  They  are  newer  than,  and  their  base  may  be  con- 
formable with,  the  Green  Series ;  but  as  fragments  almost  certainly 
derived  from  the  latter  series  have  been  found  in  the  highest  zones. 
the  relation  between  the  two  series  is  more  likely  to  be  that  of  an 
unconformity.  The  Llandeilo  rocks  contain  fragments  of  limestone 
and  pieces  of  quartzite;  but  in  spite  of  this  evidence  in  favour 
of  unconformity  between  the  Llanbadrig  and  Llandeilo  rocks,  the 
basal  beds  of  the  latter  are  found  to  cling  closely  to  the  highest 
quartzite  of  the  Llanbadrig  Group. 

The  quartzites  are  remarkable  in  the  fact  that  they  frequently 
contain  patches  of  limestone,  apparently  deposited  with  them,  and 
that  they  vary  rapidly  in  thickness  from  about  30  to  200  feet 
at  Crai>5  Wen,  where  this  variation  is  correlated  by  an  inverse 
variation  in  the  conglomerate.  Although  earth-movement  may  be 
partly  responsible  for  this  variation,  some  further  explanation 
ajipears  requisite,  and  this  mny  possibly  be  funiislied  by  erosion  of 
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<he  quartzite.     The  overthrnsting  force  appears  to  have  oome  from 
a  direotion  somewhat  east  of  north. 

The  igneous  rocks  are  dealt  with  in  two  groups :    those  older 

and  those  newer  than  the  earth-movement.     To  the  former  belong 

granite,  serpentine,  and  its  associates,  and  basaltic  dykes.     In  each 

area  where  they  occur  the  serpentines  are  associated  with  masses 

of  a  peculiar  purple  limestone  not  known  elsewhere ;    they  also 

^ntain  bands  of  ophicalcite,  and  schistose  structures  are  common 

b  the  rocks.     The  later  dykes  belong  to  an  acid  and  a  basic  set ; 

the  latter  show  some  evidence  of  a  minor  movement,  such  as  faulting 

^d  a  little  shearing,     llie  acid  dykes  are  microgranites,  granophyres, 

4ind  quartz-porphyries.     In  some  cases  the  dykes  are  composite, 

the  acid  material  being  the  older  and  the  basic  the  later  constituent. 

As  a  rule,  the  basic  material  invades  the  edge  of  the  dyke ;  but 

in  one  case   it  has  invaded  the  joints  and  cracks  and  caught  up 

fragments  of  the  acid  rock. 

3.  *'The  Formation  of  Dendrites."     By  A.  Octavius  Watkins, 
A.E.S.M.,  F.G.S. 

If  two  plane-surfaces  be  separated  by  a  film  of  suitable  plastic 
inaterialy  and  one  surface  be  rotated  slowly  on  the  other  through  a 
small  arc,  the  plastic  material  collects  into  branching  forms  similar 
to  the  structure  of  dendrites.  The  dendritic  form  starts  from  the 
part  farthest  from  the  axis,  and  the  flow  of  material  is  from  the 
^mailer  to  the  larger  branches,  the  smaller  uniting  to  form 
tile  larger.  The  author  explains  dendritic  structure  by  tho 
formation  of  a  fissure  in  rock  which  becomes  filled  with  a  thin  film 
of  dendritic  material;  if  the  fissure  is  slowly  widened,  the  dendrite 
starts  where  the  widening  commences,  coinciding  dendrites  being 
formed  on  each  wall.  This  theory  is  in  accordance  with  many  of 
the  characters  of  dendrites,  such  as  their  method  of  occurrence,  the 
nature  of  the  material,  and  their  uniformity  in  thickness. 

IL— January   24th,  1900.— W.  Whitaker,  B.A.,  F.R.S.,  President, 
in  the  Chair.     The  following  communications  were  read  : — 

1.  **  Fossils  in  the  University  Museum,  Oxford.  II.  On  two  New 
Genera  and  Species  of  Crinoidea."  By  W.  J.  Sollas,  M.A.,  D.Sc, 
LL.D.,  F.R.S.,  V.P.G.S.,  Professor  of  Geology  in  the  University 
of  Oxford. 

The  first  genus  and  species  are  fouoded  on  two  calyces  in  the 
University  Collection  and  three  in  the  British  Museum ;  all  the 
specimens  come  from  the  Carboniferous  Limestone.  The  arms  and 
stem  are  at  present  unknown.  Tlie  genus  in  general  character  and 
structure  recalls  Platycrtnus,  but  the  incorporation  of  the  costal 
and  distichal  plates  in  the  calyx  affords  a  very  obvious  distinction. 
The  analysis  of  the  calyx,  however,  suggests  the  Melocrinidas,  from 
the  members  of  which  it  is  chiefly  distinguished  by  the  com{)aratively 
small  size  of  the  costal  and  dislichal  plates.  The  new  genus  is  a 
truly  anneotant  form  uniting  the  Melocrinida3  and  the  PlatycrinidiB, 
and  may  be  indifferently  associated  with  either. 
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The  second  genns  and  speoies  are  founded  on  a  speoimen  in  the 
Grindrod  Collection,  obtained  probably  from  the  Silurian  rooks,  but 
from  a  locality  not  known,  possibly  Dudley.  In  general  appearanoe 
it  resembles  an  elongated  form  of  FisacrinuB^  particularly  in  its 
calyx,  but  the  arms  are  those  of  a  Heterocrinid.  This  conjunction 
of  characters,  though  rendering  necessary  a  revision  of  the  definition 
of  the  Pisocrinidsd,  cannot  be  regarded  as  bringing  this  family 
appreciably  nearer  to  the  Heterocrinidad,  which  are  fistulate,  while 
the  Pisocrinidad,  so  far  as  known,  are  not 

2.  '*  Fossils  in  the  University  Museum,  Oxford.  III.  A  New 
Worm-track  from  the  Slates  of  Bray  Head,  Ireland ;  with  Observa- 
tions on  the  genus  Oldhamia.*'  By  W.  J.  Sollas,  M.A.,  D.Sc., 
LL.D.,  F.B.S.,  V.P.Q.S.,  Professor  of  (Jeology  in  the  University 
of  Oxford. 

The  curious  markings  known  as  Oldhamia  have  not  been  hitherto 
recorded  from  other  than  the  lower  Palseozoic  rocks,  although  they 
have  a  wide  distribution  in  space,  being  found  in  Ireland,  in  the 
Ardennes,  in  Brabant,  in  America,  and  possibly  in  Norway.  While 
the  organic  nature  of  Oldhamia  was  scarcely  a  matter  of  doubt  in 
the  miuds  of  the  earlier  writers,  there  existed  a  great  diversity  of 
opinion  as  to  its  place  in  the  organic  world,  and  it  was  placed 
by  different  observers  among  polyzoa,  hydrozoa,  and  plants, 
respectively.  The  microscopical  observations  made  by  the  author 
prove  that  Oldhamia  is  not  the  remains  of  an  organism,  but  merely 
a  marking  in  the  rook,  though  one  which  might  be,  nevertheless, 
of  organic  origin.  Certain  markings  formed  in  the  mud  at  Portishead, 
by  the  feeding  habits  of  a  small  burrowing  crustacean,  bear  a  con- 
siderable resemblance  to  specimens  of  Oldhamia;  but  a  stronger 
resemblance  to  the  new  species  described  in  this  paper  is  found  in 
Nathorst's  figures  of  the  impressions  made  by  one  of  the  two  recent 
worms  Glycera  alba  or  Oonidia  maculata.  Professor  Joly's  observation 
that  markings  of  Oldhamia  antiqua  always  occur  in  relief,  while 
those  of  0.  radiata  are  depressions,  might  suggest  that  while  one  set 
of  markings  was  produced  by  the  animal  when  feeding,  the  other 
was  connected  with  its  castings  of  excrementitious  matter.  This 
explanation  is  open,  however,  to  several  objections,  and  the  author 
is  inclined  to  believe  that  those  species  of  Oldhamia  are  the  traces 
of  some  kind  of  siphonaceous  alga :  the  cavities  left  by  their  decay 
were  subsequently  filled  in  by  sediment  under  pressure.  If  the 
upper  surface  of  0.  antiqua  were  more  resistant  than  the  lower, 
this  might  account  for  its  preservation  in  relief.  The  microscopical 
examination  of  slate  containing  Oldhamia  affords  evidence  of  original 
and  secondary  structures  which  have  an  important  bearing  on  this 
question. 

3.  *'  Contributions  to  the  Geology  of  British  East  Africa.  Part  11 : 
The  Geology  of  Mount  Kenya."     By  J.  W.  Gregory,  D.Sc.,  F.G.S. 

The  three  main  zones  of  Kenya  are  characterized  by  different 
geological  features.  The  long  slope  of  the  forest-belt  consists  in. 
the  main  of  volcanic  ash,  though  the  remains  of  secondary  parasitit? 
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oratera  oconr  in  it  '  The  Alpine  zone  oonsists  of  coarser  ash, 
agglomerates,  and  tufiii,  interbedded  with  lava-flows  and  traversed 
by  naoierous  dykes,  with  the  remains  of  some  secondary  centres 
of  eruption.  The  third  zone,  or  central  peak,  consists  of  the  plug^ 
'which  choked  the  centiul  vent,  of  beds  of  agglomerate,  and  the  thick 
proximal  ends  of  the  great  lava-flows. 

The  rocks  of  the  central  core  comprise  an  olivine-anorthoolase- 
nepheline- syenite  with  sdgyrine,  and  a  black  glassy  lava  with 
namerous  white  phenocrysts  of  anorthoclase ;  this  rook  is  allied  ia 
acme  respects  to  the  pantellerites,  but  receives  a  special  name  both 
bere  and  in  its  occurrence  in  lava-flows. 

The  dyke-rocks  fall  into  two  categories — a  series  of  phonolites, 
and  one  of  basalts  and  dolerites.  One,  at  least,  of  the  dykes  is 
compound,  including  both  these  rock-types.  The  basic  group  ranges 
from  basalts  with  little  olivine  to  coarsely  crystalline  dolerite  rich 
in  that  mineral. 

The  lavas  belong  to  three  main  groups  :  (1)  those  of  the 
nepheline-syenite  series,  (2)  the  phonolites,  and  (3)  the  basalts. 
The  oldest  lavas  appear  to  be  the  phonolites,  but  they  and  the 
^rst  group  of  lavas  seem  to  have  overlapped  in  age ;  the  olivine- 
I)a8alt8y  which  reach  the  surface  from  a  zone  of  secondary  craters 
in  the  Alpine  zone,  are  the  latest  in  date.  The  first  group  of  lavas 
are  rhyoiitic  in  aspect,  and  consist  of  a  brown  or  green  glass  in 
which  are  embedded  phenocrysts  of  anorthoclase,  and  green  needles 
which  show  the  opticiil  characters  of  oe^yrine.  As  these  rocks  do 
not  conform  to  lioseiibusch's  definition  ot  pautollerites,  a  new  name 
is  proposed  for  them  ;  the  author  considers  that  the  pantellerites 
may  be  liparitic  equivalents  of  the  dacites,  while  these  Kenya 
rocks  correspond  with  tlio  uepheliue-syenites.  The  structure  of  the 
phonolites  is  tracliytic,  the  grouudmass  including  abundant  small, 
lath-shaped  plagioclases  ;  nepheline  is  not  very  abundant,  and  occurs 
in  larger  crystals  than  the  other  constituents,  the  chiet  of  which  is 
aegyriue.  The  basalts  are  olLen  vesicular  and  columnar,  and  contain 
olivine,  augite,  magnetite,  and  apatite  often  in  a  gUissy  grouudmass. 

The  pyroclabtic  rocks  vary  in  texture  from  coarse  to  tine ;  they 
contain  blocks  of  all  types  of  the  lavas,  and  also  large  crystals  of 
anorthoclase. 

The  nepheline-syenite  is  the  most  deei)ly-8eated,  holocrystalline 
rock  found  on  Kenya;  and  the  mountain  appears  to  represent 
a  single,  ancient,  dissected,  volcanic  mass,  with  a  shorter  geological 
history  and  a  narrower  range  of  rock-types  than  its  great  companion 
volcano,  Kilima  Njaro.  The  author  gives  reasons  for  considering 
that  all  the  di£Ferent  rock-types  present  may  have  resulted  by 
differentiation  Irom  the  olivine  -  anorthoclase  -  nepheline  -  syenite 
magma,  although  this  involves  the  conclusion  that  in  some  cases  the 
basic  materials  must  have  concentrated  in  the  glass  and  solidified 
after  the  formation  of  the  felspars. 

4.  *•  Contributions  to  the  Geology  of  British  East  Africa.  I'art  Hi : 
The  BlsBolite- Syenite  and  Fourchites  intrusive  in  the  Coast  Series.** 
By  J.  W.  Gregory,  D.Sc,  F.G.S. 
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The  rooks  described  in  this  paper  were  given  to  the  author  bj 
Mr.  C.  W.  Hobley.  Meant  Zombo,  situated  in  long.  39^  13'  E.  and 
lat.  4^  26'  S ,  and  1,519  feet  high,  is  a  massif  of  ooarse-grained 
•elssolite-syenite,  oonsisting  of  anorthoolase,  elsdolite,  nsiiallj  allotrio- 
morphioy  and  sdgyrine.  The  rook  must  ooonr  in  the  belt  of  Dnnima 
Sandstone,  unless  the  fossiliferons  Jurassic  shales  run  westward  up 
the  low  valley  of  the  Umba  Biver.  Associated  with  this  massif 
is  a  series  of  dykes  belonging  to  the  olivine-less  variety  of 
monohiquites  known  as  fourchites.  Their  phenocrysts  consist  of 
plagioolase,  probably  oligoolase,  hornblende,  and  sagyrine,  but 
augite  and  ilmenite  are  also  present ;  the  groundmass  contains 
^  certain  amount  of  analcite. 

Unfortunately  there  is  some  doubt  as  to  the  exact  age  of  the 
Duruma  Sandstone  into  which  the  fourchites  are  intrusive.  The 
author  gives  an  account  of  the  different  opinions  as  to  the  age  of 
these  rocks ;  the  evidence  at  present  available  is  only  sufficient  to 
prove  that  they  are  post-Carboniferous  and  pre-Callovian.  The 
sedimentary  series  on  the  coast-lands  of  British  East  Africa  and 
•Usambara,  in  his  opinion,  may  be  previously  arranged  as  follows : — 

5.  Pleistocene  reefs,  limestones,  alluvium,  and  lateritee. 

4.  Jurassic  shales  and  sandstones ;  Kimeridgian,  Oxfordian,  and  CalloTian. 

3.  Possibly  a  pre-Jurassic  part  of  the  Duruma  Sandstone. 

2.  Maf^rini  sandstones ;  P  Triassic. 

1.  Sabaki  shales ;  Upper  Carboniferous. 

■    It  is  therefore  probable  that  the  igneous  rocks  are  not  older  than 
the  early  Mesozoic,  and  may  be  Jurassic  or  post- Jurassic. 

III.— February  7,  1900.— W.  Whi taker,  B.A.,  F.B.S.,  President, 
•in  the  Chair.     The  following  communications  were  read  :— 

1.  "  Foraminifera  from  an  Upper  Cambrian  Horizon  in  the 
Malvems."  By  Frederick  Chapman,  A.L.S.,  F.B.M.S.  (Com- 
municated by  Prof.  T.  T.  Groom,  M.A.,  D.Sc,  F.G.S.) 

The  foraminifera  described  in  this  paper  were  found  in  a  shaly 
limestone  which  Professor  Groom  obtained  ''from  the  debris  of 
a  small  ridge  composed  of  black  shales,  with  intercalated  basalts, 
which  forms  a  spur  on  the  north-west  side  of  Chase  End  Hill. 
The  rock  belongs  to  the  well-known  and  widely-spread  zone  of 
SpharophthahnuB,  Feltura,  and  Cienopygef  which  in  Britain  forms 
the  upper  half  of  the  Dolgelly  Beds  or  Upper  Ltn^u/a- Flags."  The 
specimens  have  been  sliced,  and  have  yielded  a  few  forms  other 
than  Spirillina;  sections  of  echiuoderm-spines,  ostracod-tests,  and 
occasionally  sponge-spicules  (?)  are  also  to  be  seen  in  the  slidea 
The  tests  of  the  foraminifera  are  infilled  with  a  crystalline  substance. 

The  following  species  are  mentioned:  Lagena  lavis,  Montagu, 
L,  apiculata,  Eeuss,  L,  ovum,  Ehrenberg,  Nodoaaria  pygmaa  (?), 
Terquem,  N,  abnormia  (?),  Beuss,  Marginula  soluia  (?),  Reuss, 
Cristellaria  acutauricularis  (?)  (Fichtel  &  Moll)  ;  and  a  new  species 
of  Spirillina  is  described.  The  Spirillina  are  in  a  good  state  of 
preservation ;  and  the  valves  of  mollusca,  cut  through  in  section,  are 
sometimea  seen  to  be  quite  filled  with  the  tests  of  this  genus^ 
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A  reoord  is  ^ven  of  Bome  of  the  earliest  known  foraminifera, 
molnding  the  somewhat  doubtful  forms  described  by  Cayeux  from 
pre-Cambrian  locks  in  Brittany,  those  by  Ehrenber^  from  the  so- 
oalled  '  Silarian  Clay '  near  St.  Petersburg,  by  W.  D.  &  Q.  F. 
Ifatthew  from  the  rocks  bearing  the  Pro<o^ti«  -  fauna  in  New 
Bjrunswick,  by  Keeping  from  the  shells  above  the  Bala  Limestone 
near  Welshpool,  by  Blake  from  the  Llandovery  of  Cwm  Symlog» 
by  Brady  from  the  Woolhope  Limestone  of  the  Malverns,  and  by 
Terqoem  from  the  Upper  Silurian  rooks  of  Indiana.  The  author 
has  also  frequently  met  with  Lagena  in  the  Wenlock  Limestone  of 
Shropshire. 

2.  ''  Bala  Lake  and  the  Biver  -  System  of  North  Wales."  By 
Philip  Lake,  M.A.,  F.6.S. 

In  this  paper  the  author  begins  by  showing  that  topographically 
Bala  Lake  belongs  to  the  same  valley  as  the  Biver  Wnion — the 
valley  of  the  Bala  Fault ;  and  he  believes  that  the  whole  drainage 
of  the  valley  flowed  originally  south-westward,  and  entered  the  sea 
DMr  Barmouth. .  . 

He  then  examines  the  possible  outlets,  and  shows  that  the  lake 
ii  probably  rock-bound  in  all  directions  except  towards  the  south- 
west, where  there  is  no  conclusive  evidence. 

He  describes  the  faults  which  occur  near  the  watershed  that 
separates  the  Wnion  from  the  streams  flowing  into  Bala  Lake, 
pointing  out  that  they  are  closely  related  to  the  form  of  the  valley, 
and  that  the  watershed  coincides  with  a  transverse  line  of  fault. 
From  this  he  infers  that  the  formation  of  the  lake  is  possibly  due  to 
earth-movements. 

The  watersheds  of  several  other  similar  valleys  are  examined, 
and  are  shown  to  lie  in  one  straight  line ;  whence  it  is  concluded 
that  they  must  have  been  produced  by  some  general  cause,  probably 
a  slight  differential  movement. 

The  general  drainage-system  of  North  Wales  is  next  discussed. 
Attention  is  drawn  to  the  existence  of  a  series  of  long  and  nearly 
parallel  valleys  running  from  north-east  to  south-west,  which  divide 
the  region  more  or  less  completely  into  a  number  of  strips.  The 
drainage  of  each  strip  is  now  independent,  and  flows  in  most  cases 
into  the  long  valley  lying  south  of  it.  But  from  the  fact  that  the 
chief  streams  in  each  strip  have  their  representatives  (flowing  in 
the  same  line)  in  the  adjacent  strips,  it  is  concluded  that  before  the 
formation  of  the  long  valleys  the  streams  were  continuous. 

The  centre  from  which  these  streams  radiate  lies  in  the  high 
ground  near  the  sources  of  the  Conway  ;  and  the  author  believes 
that  this  was  the  centre  of  an  original  radial  system  of  drainage,  and 
that  this  radial  system  was  subsequently  broken  up  into  sections  by 
the  formation  of  the  long  valleys  which  now  run  from  north-east  to 
south-west — each  of  these  long  valleys  carrying  away  the  drainage 
of  one  of  the  sections.  He  attributes  the  formation  of  the  long 
valleys  to  faulting. 
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BAILWAY  SECTIONS  IN  AYBSHIEE  AND  LANAEKSHIEB. 

Sis, — At  present  there  are  some  railway  sections  throagh  Drift  in 
the  line  heing  Gonstrncted  from  Darvel,  in  Ayrshire,  to  Strathavon, 
in  Lanarkshire,  which,  I  think,  show  featares  demoKstrative  of 
«  depression  of  the  land,  and  the  marine  origin  of  at  least  part  of 
the  Drift  beds.  Lately,  with  two  friends  (it  was  my  fourth  visit 
to  the  locality),  I  examined  minntely  one  of  these  sectionsy  500 
to  600  feet  above  sea-level  (estimated  from  a  bench-mark).  Hiis 
cutting  is  to  be  a  deep  one,  and  is  being  taken  in  two  '  lifts ' ;  about 
200  yards  of  the  upper  lift  can  at  present  be  examined,  bat  it  is 
much  longer,  part  of  the  slope  being  already  pick-dressed.  The 
section  is  almost  horizontal  for  the  above-mentioned  distance,  and 
very  regular — not  at  all  twisted  or  disturbed,  as  is  the  case  with 
many  parts  of  the  Drift.  It  is  about  two  miles  east  of  Darvel.  The 
folio wiug  beds  are  exposed  : — 

1.  Sand  and  erayel,  stratified     16  feet. 

2.  Ston^  Boulder-claj  with  large  blocks  6    „ 

3.  Laminated  clay  with  few  stones  and  large  blocks    ...  5    „ 

4.  oiony  ciay        •••         •••         ••«         ...         ...         ...  ^    tt 

6.  Sharp  sand,  not  cut  through. 

In  bed  1,  I  observed  a  long  boulder  of  Matstone  Hill  granite, 
•quite  in  a  vertical  position.  In  beds  2,  3,  and  4,  long  boulders  were 
obtained  during  the  progress  of  the  cutting,  in  a  similar  position.  In 
the  laminated  bed  3,  a  large  striated  boulder  of  white  sandstone  is  at 
present  to  be  seen,  measuring  four  feet  in  diameter.  It  has  clearly 
fallen  into  the  clay  when  the  latter  was  in  a  soft  state,  as  the  laminss 
at  the  bottom  corners  of  the  block  are  bent  down  under  tt,  showing 
that  the  block  in  falling  has  made  a  small  indent  in  the  laminated 
clay.     They  (the  laminas)  also  curved  over  the  top  of  the  block. 

Another  interesting  feature  was  the  depressions  or  ruts  in  the 
stony  clay  bed  2,  these  being  invariably  filled  more  or  less  with 
laminated  clay.  A  number  of  shell-fragments  with  the  epidermis 
were  picked  out  by  us  from  the  stony  clay,  and  from  the  laminated 
bed  we  secured  a  perfect  valve  of  Zeda  parvtda.  (I  may  say  that  in 
this  district  marine  shells  are  frequent  in  certain  parts  up  to  700  feet 
above  sea-level.  See  suppl.  to  vol.  xi,  Trans.  Geol.  Soc.  Glasgow, 
p.  59.) 

The  boulders  in  the  sections  of  the  railway  at  this  part  are 
a  variety  of  porphyrites  (igneous  rocks  with  conspicuous  felspar,  a 
'Survey'  term),  amygdaloids,  felstones  (igneous  fine-grained  rock, 
a  '  Survey '  term),  sandstones,  dolerites,  a  few  limestones;  Matstone 
Hill  granite,  a  moderately  coarse-grained  reddish  granite,  being  not 
infrequent,  the  parent  rock  occurring  fully  two  miles  to  the  south 
and  on  the  opposite  side  of  the  Irvine  Valley  to  the  railway  sections. 

Not  only  the  Boulder-clay,  hut  a  shatp  grey  sand  bed  also  shows 
very  distinct  jointing.  The  joints  in  a  sand-pit  200  yards  north  of  the 
railway  were  very  conspicuous,  and  had  attracted  the  attention  of 
the  workmen  in  the  pit,  who  called  them  water-backs.     Workmen's 
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tenns  are  generally  pretty  expressive.  In  solid  rooks  water  often 
ianes  from  joints. 

We  went  on  to  Londoun  Hill.  This  hill  is  not  named  on  Sheet  28 ; 
It  is  jost  above  the  house  named  Backhill  on  the  western  edge  of 
the  map.    It  is  composed  of  large  vertical  columnar  felstone. 

To  the  east  and  south-east  of  this  hill  the  '  Survey '  have  shown 
a  'terrace  of  marine  drift'  and  an  'old  sea  beach.'  Lately 
I  observed  that  the  talus  of  large  blocks  from  the  hill  had  fallen 
down  upon  the  top  of  the  '  marine  drtftf*  so  that  the  great  vertical  cliff 
on  the  south  side  of  the  hill  was  very  likely  the  work  of  the  waves, 
assisted  perhaps  by  shore-ice,  for  much  of  the  '  felstone '  in  the  drift 
may  have  come  from  this  hill,  it  being  the  only  felstone  rock  within 
many  miles  of  this  district 

The  '  marine  terrace '  is  700  feet,  and  the  top  of  Londoun  Hill 
1,034  feet,  above  sea-level. 

The  facts  given  in  this  letter  speak,  I  think,  pretty  plainly.  The 
Drift  beds  here  are  clearly  water  deposits,  and  that  '  water '  was  the 
sea.  The  blocks  and  stones  in  both  the  stony  and  laminated  clay 
were  clearly  dropped  into  the  clay  from  floating  ice.  In  bed  2  (the 
stony  Boulder-clay),  there  are  frequent  indications  of  stratification, 
and  those  lines  have  a  steady,  gentle  dip  of  five  to  ten  degrees 
towards  the  east,  or  up  the  Irvine  Valley.  This  long  section  has 
been  exposed  to  the  weather  for  about  six  months ;  the  clay  has 
not  slipped,  and  the  rain-washed  face  of  the  drift  can  be  read  like 
a  book.  There  are  many  well-striated  stones  and  boulders  li/ing  in 
all  directions,  long  ones  even  vortical,  but  quite  as  many  which  show 
no  striations.  The  ruts  in  the  stony  clay  bed  2  wore  probably 
produced  by  floating  ice  gratint;  on  the  sea  })ottoni,  and  those  have 
formed  sheltered  hollows  in  which  laminated  clay  has  been  deposited. 

J.  Smith. 

MOHKREDDWO,   KiLWTNXIKO. 


SOME    SXOWDOX    TARXS. 

Sib, — Will  you  permit  me  to  correct  a  mistake  in  my  paper  on 

**  Some  Snowdon  Tarns."     The  depression  at  250  yards  from  the 

present  outlet  of  Llyn  Llydaw  is  in  a  N.N.E.  direction  therefrom, 

not  N.N.W.  as  I  had  erroneously  written.  J.  K.  Dakyns. 

•SyowDOX  View,  Nant  Gwynant, 
Bbddoblert,  Carnarvon. 
February  19,  1900. 


OBITUJLSrY. 


GEHEIMRATH    PROFESSOR    DR.   GEINITZ, 

For.   Mem.    Qeol.   Soc   Lono. 
Born  Octobbb  1G,  1814.  Died  January  28,  1900. 

Dr.  Hans  Bruno  Geinitz  was  born  at  Altenburg,  Saxony,  where 
he  passed  a  happy  boyhood  in  liis  father's  liome.  The  political 
troubles  of  1830  afifected  the  family  prosperity,  so  that  th^  ^owWilwV 
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Geinitz  had  to  serve  for  fonr  years  in  the  ahop  of  the  Conrt  chemist, 
but  this  did  not  prevent  him  from  spending  his  spare  time  in  the 
study  of  botany,  chemistry,  and  modern  languages.  In  1834  a  way 
opened  for  him  to  go  to  the  University  of  Berlin,  and  in  1836  Uy 
that  of  Jena,  where  he  graduated  in  1838.  Under  the  influence  of 
Quenstedt,  Geinitz  directed  his  attention  more  particularly  to  the 
study  of  mineralogy  and  palasontology,  and  the  subject  of  his^ 
graduation  thesis  was  the  Muschelkalk  in  Thuringia.  In  the  same 
year,  1838,  he  went  to  Dresden  and  accepted  the  post  of  assistant* 
tutor  in  the  Technical  High  School,  with  the  modest  salary  of 
150  thalers  (about  £22)  per  annum.  In  1850  he  became  Professor 
at  the  same  institution,  and  he  occupied  this  position  until  1894, 
when,  owing  to  increasing  deafness,  he  was  obliged  to  resign^ 
From  1863  to  1878  he  was  one  of  the  editors  of  the  Neues  Jahrbuch ; 
in  1857  he  was  appointed  Director  of  the  Boyal  Mineralogioal 
Museum  at  Dresden,  which  may  be  said  to  owe  its  present 
flourishing  condition  mainly  to  his  zeal  and  energy,  and  also  the 
founding  of  the  Prehistoric  Museum  in  1874. 

Professor  Geinitz  was  a  very  prolific  writer  on  geological  and 
palsdontological  subjects,  and  his  published  papers  date  from  1837 
to  nearly  the  latest  years  of  his  life.  Though  to  a  large  extent  they 
refer  to  the  rocks  and  fossils  of  his  native  country,  they  yet  include 
matters  of  general  and  permanent  importance  to  geological  science. 
Amongst  his  principal  memoirs  are  his  descriptions  of  the  fossils  in 
the  Grauwacke  formation  of  Saxony,  which  appeared  in  1852 ;  the 
monograph  of  the  animal  remains  of  the  Dyas  formation,  1861-62 ;. 
and  that  on  the  "  Elbthalgebirge,"  1871-75,  which  contains  the 
results  of  his  long-continued  researches  into  the  stratigraphy  and 
palaeontology  of  the  Cretaceous  rocks  of  Saxony  and  adjoining 
countries.  He  also  wrote  on  the  fossil  flora  of  the  Hainich- 
Ebersdorf  Coal  Basin,  and  on  that  of  the  Coal  formation  in  Saxony. 
A  commendable  feature  in  Geinitz's  palseontological  memoirs  is  the 
admirable  manner  in  which  they  are  illustrated. 

Professor  Geinitz  was  deservedly  esteemed  and  honoured  alike 
by  the  geologists  of  his  own  country  and  by  those  of  other 
lands.  He  became  a  Foreign  Member  of  the  Geological  Society  of 
London  in  1857,  and  was  the  last  of  those  elected  to  this  position 
directly  without  passing  through  the  subordinate  stage  of  Foreign 
Correspondent.     In  1878  he  received  the  Society's  Murchison  Medal. 

Professor  Geinitz  died  at  Dresden  on  the  28th  January  in  the 
86th  year  of  his  age,  and  his  remains  were  interred  on  the  31st, 
in  the  presence  of  a  numerous  gathering  of  his  old  students  and 
colleagues.^  G.  J.  H. 

The  Honorary  Degree  of  Doctor  of  Laws  has  just  been  presentec^l. 
by  the  Senate  of  the  University  of  Glasgow  to  Mr.  Arthur  SmitI  m- 
Woodward,  F.L.S.,F.G.S.,  of  the  British  Museum  (Natural  History^   , 
Cromwell  Road,  London. 

^  Many  of  the  tacts  in  the  above  notice  are  taken  from  the  Dresden  Anzeige^-^ 
a  copy  of  which  was  kindly  forwarded  by  Miss  A^es  Crane  of  Brighton. 
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By  HowABB  Fox,  F.6.S. 
(PLATE  VII.) 

CUBING  tbe  psst  year  I  had  the  pleasure  of  spending  some  weeks 
on  the  north  ooast  of  Cornwall,  sonth  of  the  Camel,  examining 
tbe  rooks  expoaed  in  the  oliffs  and  on  the  foreshores  of  the  various 
ooves,  some  of  whioh  I  had  not  previonsly  yisited.  A  part  of  my 
notes  were  oommnnioated  to  the  Annual  Meeting  of  the  Boyal 
Ckologtoal  Sooiety  of  Cornwall  laat  November,  and  with  the 
permission  of  the  Sooiety  I  propose  to  reproduoe  these  and 
additional  observations  obtained  since,  with  the  view  more  par- 
ticularly of  calling  attention  to  some  of  the  fossils  which,  though 
fragmentary,  appear  to  me  to  yield  not  unimportant  evidence  on 
the  stratigraphical  horizon  of  the  rocks  along  certain  parts  of 
the  coast. 

It  had  been  my  intention  to  visit  the  various  islands  lying  off 
the  north  coast,  but  during  my  holiday  month,  September,  there 
was  not  a  single  day  in  which  it  would  have  been  prudent  to  attempt 
a  landing  either  on  the  Quies  Group  or  the  Bull  Hock  off  Trevose 
Head.  I  did,  however,  make  a  brief  visit  to  GuUand  Island,  which 
is,  rightly,  coloured  greenstone  on  the  Geological  Survey  Map. 
The  entire  surface  of  this  island  is  covered  with  angular  weathered 
fragments,  which  have  been  disjointed  off  from  the  massive  rock, 
a  process  still  rapidly  going  on.  The  lower  cliff  on  tbe  south  side 
of  the  island  is  composed  of  a  coarse-grained  felspathic  rock,  whilst 
higher  up  the  rock  is  of  the  same  kind  but  much  finer  grained. 
The  exposed  rock  surfaces,  within  reach  of  the  waves  and  spray, 
weather  nearly  black,  whilst  the  rocks  beyond  are  of  a  rusty-brown 
appearance. 

Padstaw  Harbour, — In  the  rocks  both  to  the  north  and  to  the 
sooth  of  the  River  Camel,  simple  cup-corals  and  fragmentary 
crinoidal  remains  occur,  but  for  the  most  part  they  are  unfavourably 
preserved. 

Trevone, — An  account  of  the  fossils  present  at  several  distinct 
horizons  in  the  shales  at  this  place,  and  more  especially  on  the 
foreshore,  has  already  appeared  in   the  Trans.   Boy.   QeoL  Soc. 
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Cornwall,  vol.  xi,  1894,  pp.  634-644.  The  following,  amongst 
othoFB,  were  noted :  fragmentary  plates  of  FUraspis ;  Orikoesras ; 
Bactrites,  including  B.  Budeaheimensia,  Ferd.  Roemer;  Goniatitss; 
G.  (Tomoceras)  simpiex,Yon  Buch;  Euompkalus;  Cardiola  retrostriata, 
Yon  Buoh;  Centronella,  PhacopSy  Tentaculites,  Styliola,  Amplexus, 
Favoaites,  and  Fachypora,  According  to  Mr.  G.  C.  Crick  the 
majority  of  the  Cephalopod  remains  indicate  the  same  geological 
horizon  as  the  Budesheim  Beds,  that  is,  the  lower  portion  of  the 
Upper  Devonian,  but  with  these  there  are  some  small  forms  resembling 
Anarcestes  laiiaeptatus,  Beyr.,  and  Mimocerng  compressus,  belonging 
to  the  Wissenbaoh  (Nassau)  Beds,  of  Lower  and  Middle  Devonian 
age.  On  visiting  the  locality  again,  after  an  interval  of  six  years* 
I  was  disappointed  at  not  finding  any  new  forms  exposed  by  the 
ceaseless  scour  of  the  waves  and  sand  on  the  rocks. 

West  of  Newtrain  Bay} — The  shales  here  contained  some  frag- 
mentary crinoidal  arms,  which  were  determined  by  Mr.  F.  A. 
Bather  to  be  of  a  nearly  similar  character  to  those  of  SeaphtoerinuSf 
Hall,  as  figured  by  the  liev.  G.  F.  Whid borne  from  the  Pilton  Beds 
near  Barnstaple  (see  "Dev.  Fauna  S.  of  England" :  Pal.  Soc,  1898, 
vol.  iii,  pt.  3,  pp.  228-232,  pis.  xxxi,  xxxiii-xxxviii). 

Mother  Ivey's  Bay. — A  shelf  of  blue  shale  is  exposed  at  the  east 
end  of  the  beach  at  this  place,  near  high- water  mark,  which  contains 
fragmental  crinoidal  stems,  pyritized  examples  of  Tentaeulites,  and 
Centronella  similar  to  those  occurring  at  Trevone,  and,  in  addition, 
a  specimen  of  Hyolithes, 

Porthcothan  Cove, — This  picturesque  cove  is  about  three  miles 
south  of  Trevose  Head.  The  rocks  are  of  a  bluish,  non -calcareous 
shale,  showing  a  general  dip  E.N.E.  at  15-20°.  Fossils  do  not 
appear  to  have  been  previously  noticed  in  them,  but  they  contain 
a  fair  number,  though  for  the  most  part  in  poor  preservation.  The 
following  have  been  recognized  : — Fetraia,  in  casts  showing  the 
outlines  of  the  cup  and  septa,  are  not  uncommon.  Two  species 
appear  to  be  represented  ;  one  may  be  F.  celtica.  Fleurodictyum,  sp., 
described  below,  fragments  of  Conularia  similar  to  those  from 
Constantino  Bay  (Trans.  Roy.  Geol.  Soc.  Cornwall,  1894,  p.  643), 
imperfect  pygi(lia  of  Trilobites,'  and  obscurely  shown  examples  of 
Orthoceras  and  Ooniatites. 

Forth  Mear, — This  cove  is  about  half  a  mile  south-west  of 
Porthcothan,  and  the  rocks  enclosing  it  are  of  the  same  character. 
On  the  foreshore  several  distinct  foKsiliferous  bands  are  exposed; 
one  of  these  can  be  traced  for  a  distance  of  40  yards  nearly  due 
east  from  the  north  end  of  the  island ;  numerous  specimens  of 
Fleurodictynm  are  weathered  out  of  its  surface. 

Lotoer  Butter  Cove. — The  same  kinds  of  rocks  and  fossils  noted 
from  Porthcothan  and  Porth  Mear  are  likewise  found  in  this  cove, 
which  is  about  half  a  mile  south-west  of  the  last-named  place.  The 
fossiliferous  beds  are  visible  at  low-water,  at  the  base  of  the  eastern 

*  At  the  Bay  itself  I  have  since  found  two  species  of  Favosite  corals. 
'  A  Trilobite  minus  the  head,  which  I  have  recently  obtained  here,  hat  been 
determined  by  Dr.  H.  "Woodward  to  be  a  species  of  Fhacopt. 
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cliff  of  the  Boathern  inlet     Huge  blocks  of  rook  fallen  from  th« 
cliffs  above  likewise  contain  numerous  fossils. 

BednUkan  Steps, — The  fossiliferous  character  of  the  claret  and 
bluish  shalj  or  slaty  beds  of  this  locality  has  long  been  known. 
Mr.  S.  B.  Pattison  states  that  they  contain  crinoidal  remains, 
a  bivalve  shell,  and  impressions  of  a  Trilobite  (Trans.  Boy.  Geol. 
Soa  Cornwall,  vol.  vii,  1848,  p.  48) ;  and  in  the  same  volume  (p.  391) 
the  late  Mr.  W.  Pengelly  notes  the  occurrence  in  them  of  the  plates 
of  Steganodictyum,  McCoy  {Pteraapis)^  then  supposed  to  be  a  fossil 
sponge.  The  fossils  are  present,  in  great  abundance,  in  the  lower 
part  of  the  cliff  and  on  the  foreshore,  and  in  the  large  fallen  rock 
masses.  Some  years  since  I  obtained  here  fragments  of  fish-plates, 
principally  of  Pteraspia ;  Orthoceraa  ? ;  the  basal  plate  of  a  crinoid 
resembling  SphcBrocrinuSy  and  fragments  of  crinoid  stems  which 
may  have  belonged  to  Bkodocrinus  or  Melocrinua ;  simple  cup-corals, 
apparently  zaphrentoid  in  character;  Pleurodictyum  and  Auloporal 
Laat  autumn  1  further  obtained  Petraia  ;  a  fragment  of  a  Monticuli- 
{K>roid ;  crinoidal  fragments,  one  of  which  has  been  determined  by 
Mr.  Bather  as  the  anal  tube  of  a  dicyclic  adunate  crinoid ;  and 
specimens  of  the  peculiar  form  described  below  as  Fleroconua  mirm. 

Watergate  or  Tregurrian  Bay  or  Beach. — This  range  of  beach  and 
cliff  extends  about  2^  miles  north  of  St  Columb  Porth,  and  it  is 
noted  for  the  variegated  colouring  of  its  slates.  Similar  rocks  occur 
between  Fowey  and  Polperro,  and  according  to  Mr.  W.  A.  E.  Ussher 
they  are  also  present  in  South  Devon,  where  they  are  known  as  the 
Dartmouth  -  Kingswear  Slate  group.  Professor  Sedgwick  states 
(Quart  Jourii.  Geol.  Soc,  1852,  vol.  viii,  p.  -i)  with  respect  to  these 
r«:>cks,  that  he  found  a  highly  fossiliferous  group  extending  from 
New  Quay  to  Mawgan  Porth  and  Padstow,  and  thence  to  Tintagel ; 
not  merely  ranging  near  the  coast,  but  running  far  up  the  interior 
of  the  country  until,  in  some  instances,  it  approached  a  ceiitral  boss 
of  granite. 

On  close  examination  I  found  indications  of  fossils  throughout 
the  whole  series  of  the  variegated  slates  or  shales  of  the  l^ay,  though 
they  are,  as  a  rule,  so  poorly  preserved  that  only  occasionally  can 
the  nature  of  the  organism  be  recognized.  Fragments  of  Fteraspis 
plates  are  not  infrequent  in  satiny  grey  soft  shales  exposed  on  both 
the  north  and  south  banks  of  the  small  stream  running  into  the  sea 
north  of  the  noted  Watergate  El  van ;  and  also  in  a  bed  of  soft 
blue  shale  the  Pteraspia  plates,  though  fragmentary,  are  in  great 
abundance. 

The  fossils  mentioned  above,  which  I  have  obtained  from  these 
north  coast  rocks  from  time  to  time,  have  been  submitted  to  various 
authorities  at  the  British  Museum  (Natural  History),  to  whom  I  am 
;rreatly  indebted  for  their  efforts  to  decipher  the  characters  of  the 
forms  usually  very  imperfectly  preserved.  Dr.  A.  Smith  Woodward, 
F.L.S.,  has  determined  the  fish  remains,  Mr.  F.  A.  Bather,  M.A., 
the  Crinoids,  and  Mr.  G.  C.  Crick,  F.G.S.,  the  Cephalopoda,  etc. 
Further,  Dr.  G.  J.  Hinde,  F.H.S.,  has  examined  the  Corals  and 
doubtful  forms.      On  the  accompanying  plate  some  o^  l\\^  io^^\\^. 
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which  appeared  to  be  of  snffioient  interest  to  jaBtify  figaring, 
have  been  skilfully  represented  by  Miss  O.  M.  Woodward,  and  th» 
following  notes  are  appended  in  explanation  of  them,  beginning 
with  the  fish  remains. 

PUraapis  Comuhica,  McCoy,  sp.     (PI.  VII,  Figs.  7,  8.) 

This  species    is    represented    by    irregularly    shaped,   flattened 
fragments  of  the  dermal  plates,  which  are  scattered,  sometimes 
singly,   sometimes    in    dose  juxtaposition,  and    even  occasionally 
overlapping  each   other,  on   the  exposed   surfaces  of  the  bluish- 
grey  shales  at  Watergate  Bay.    The  plates  are  black,  sometimes 
glossy  in  appearance,  and  their  exterior  surfaces  are  ornamented 
with  fine  ribs  or  strise  running  parallel  to  the  length  of  the  plate. 
Tlie  stria)  are  in  places  interrupted  so  as  to  look  like  a  series  of 
minute  tubercles,  only  visible  under  a  lens,  and  in  some  instances 
they  are  crossed  transversely  by  lines  of  growth.     The  plates  vary 
from  0*5  to  1  mm.  in  thickness,  and  there  are  about  four  of  the  surface 
striaB  in  a  millimetre.     These  fragmentary  plates  have  been  identified 
by  Dr.  Smith  Woodward  as  similar  to  those  of  Fteraspis  Comufnea 
which  occur  in  the  Devonian  rocks  of  Lantivet  Bay,  South  (Tornwall, 
and  of  which  he  has  lately  given  an  interesting  account  (Trans. 
Boy.  Geol.  Soc.  Cornwall,  vol.  xii,  1899,  p.  229). 

These  fragments  are  found  at  Bedruthan  Steps  as  well  as  at 
Watergate  Bay.  According  to  Dr.  S.  Woodward  the  genus  Pteraspia 
is  chnracteristic  of  the  Lower  Devonian  or  Lower  Old  Bed  Sandstone 
in  Western  Europe,  and  does  not  descend  below  this  horizon 
(Catalogue  of  Fossil  Fishes  in  the  British  Museum,  vol.  ii,  1891, 
pp.  1C0-1G9). 

PJdi/ctanaapt8,  sp.     (PL  VII,  Figs.  5,  6.) 

The  only  specimen  referable  to  this  genus  is  a  thin  plate,  part 
of  which  is  shown  on  the  surface  of  a  light-grey  shale  and  part 
still  enclosed  in  the  rock.  The  plate  is  not  entire  ;  in  one  direction 
it  is  shown  for  a  distance  of  55  mm.,  and  it  is  about  0*5  mm.  in 
thickness.  The  upper  surface,  nearly  of  the  same  grey  tint  as  the 
matrix,  is  furnished  with  numerous  small  depressed  tubercles, 
rounded  or  oval  in  outline,  and  about  0*5  mm.  in  diameter.  ITiey 
are  arranged  alternately  in  rows,  between  three  and  four  in  the 
distance  of  2  mm.  The  summit  of  these  tubercles  is  often  wanting, 
and  the  rounded  dome  is  replaced  by  a  minute  crater. 

Dr.  Smith  Woodward  states  that  owing  to  the  incompleteness  of 
the  plate  it  is  not  possible  definitely  to  identify  it  with  Phlyctanaspia, 
but  the  tubercular  surface  is  approximately  similar  to  that  of  the 
plates  of  F,  acadica,  Whit.,  sp.  (see  Geol.  Mag.,  Dec.  Ill,  Vol.  IX, 
1892,  p.  5,  PI.  I,  Figs.  7,  8),  from  the  Lower  Devonian  at  Campbellton, 
New  Brunswick.  The  Canadian  fossil,  of  which  a  specimen  is  in 
the  British  Museum  (Nat.  Hist.),  has  stouter  tubercles  with  striie 
radiating  from  their  bases,  and  they  are  more  deeply  hollowed  out 
than  in  the  present  form. 

The  specimen  is  from  Watergate  Bay.  The  genus  Phlyctanaapii 
is  characteristic  of  the  Lower  Old  Ked  or  Lower  Devonian. 
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CUmatius,  sp.     (PL  VIT,  Figs.  9,  10.) 

The  only  example  is  a  fragment  of  a  compresBed  spine,  9  mm.  in 
width  and  2  mm.  in  thickness ;  the  exposed  surface  is  jet-black ;  it 
shows  stout,  straight,  longitudinal  ribs,  of  which  there  are  eight  in 
the  width  of  the  spine.  The  upper  edge  of  the  ribs  is,  in  places, 
tabercnlate,  and  on  one  side  of  each  there  are,  at  intervals,  blunted 
processes  which  reach  across  the  interspace  between  the  ribs  so  as 
to  form  elongate  hollows,  now  filled  with  matrix.  According  to 
Dr.  Smith  Woodward  the  structure  of  this  spine  resembles  that  of 
the  spines  of  the  genus  CUmatius,  Ag.,  which  has  a  dermal  spine 
in  front  of  each  fin  except  the  caudal. 

The  specimen  figured  is  from  Watergate  Bay.  The  genus  occurs 
in  the  Lower  Old  Bed  of  Forfar,  Hereford,  and  Worcester,  and  in 
the  Lower  Devonian  of  New  Brunswick. 

The  occurrence  of  the  remains  of  Pleraspis,  Phlyetanaapis,  and 
CUmatiuB  in  the  same  series  of  shaly  strata  at  Watergate  Bay  and 
Bedrathan  Steps  derives  significance  from  the  fact,  brought  to  ray 
notioe  by  Dr.  Smith  Woodward,  that  in  other  regions  of  Western 
Europe  and  Eastern  North  America  where  these  three  genera  are 
present,  they  characterize  the  geological  horizon  of  the  Lower  Old 
Bed  Sandstone  or  the  Lower  Devonian.  It  may  therefore  be 
reasonably  assumed  that  the  rocks  on  the  North  Cornish  coast  in 
which  they  are  found  likewise  belong  to  the  same  geological  period. 

The  following  descriptions  of  Pteroconna  minis,  n.sp.,  and  Pleuro- 
dictyum,  sp.,  have  been  contributed  by  Dr.  G.  J.  lliruie,  F.K.S. : — 

Family  IIYOLITUID.E,  Nicholson. 

Genus  Ptekoconus,  Green  (=:  Nereitopsis,  Green). 

Pteroconns  minis ,  sp.  nov.     (PI.  VII,  Figs.  1-4.) 

Shell  conical,  compressed,  straight;  in  transverse  section  round 
or  elliptical,  on  both  sides  with  small  shelly  flap  or  fin-like 
extensions  disposed  at  regular  intervals  from  the  basal  point  to 
the  summit  aperture.  A  longitudinal  rod  or  thickening  of  the  shell 
enclosed  within  the  cone.  The  outer  surface  with  an  ornamentation 
of  transverse  lines  of  growth  following  the  contour  of  tho  summit, 
and  at  intervals  with  stronger  raised  lines  connected  with  the  lateral 
processes.     No  operculum  has  been  observed. 

This  description  is  based  on  the  characters  shown  by  a  number 
of  specimens  collected  by  Mr.  Howard  Fox  at  Bedruthan.  The 
fossils  are  exposed  on  the  surface  of  a  bluish  or  claret-tinted  shaly 
rock  as  they  have  been  naturally  weathered  out ;  in  some  tho  slielly 
exterior  of  the  test  with  its  ornamentation  is  visible,  whilst  in  others 
the  interior  of  the  cone  has  been  laid  bare.  The  forms  are  to  some 
extent  compressed  in  the  shaly  rock,  and  only  the  surface  weathered 
in  relief  can  be  studied.  The  test  is  now  of  a  brownish  or  reddish- 
brown  tint,  owing  to  the  replacement  of  the  original  shell  by  some 
compound  of  iron ;  the  interior  is  now  generally  filled  with  the 
fihaly  matrix.     Only  exceptionally  are  perfect  specimona  m^V.  viVOa.*, 
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as  a  rule  the  sammit  apertures  are  defeotive,  but  on  the  whole 
these  fossils  are  better  preserved  than  other  organic  remains  in  Uie 
same  rock. 

The  specimens  are  variously  elongate,  gradually  tapering  cones, 
ranging  from  30  mm.  to  72  mm.  in  length  and  with  a  snmmit 
breadth  of  7-9  mm.  The  most  complete  example  (PL  YII,  Fig.  1) 
is  a  cone,  35  mm.  in  length,  showing  the  outer  surface  of  the  teat, 
but  the  ornamentation  is  only  distinguishable  in  its  upper  portion. 
The  upper  margin,  apparently  perfect,  has  a  gently  convex  outline, 
and  including  the  lateral  processes  is  about  9  mm.  in  breadth.  The 
surface  of  the  central  cone  exhibits  delicate  arched  growth-lines 
following  the  contour  of  the  aperture,  and  at  intervals  of  about 
2*5  mm.  it  is  crossed  by  stronger  raised  lines,  which  on  either  side 
of  the  cone  are  prolonged  downwards  to  form  the  anterior  margins 
of  small  flattened  or  slightly  concave  processes  or  flaps,  which 
extend  obliquely  for  a  distance  of  1*5-2  mm.  from  the  cone.  There 
are  in  this  specimen  sixteen  of  the  ear-shaped  processes ;  they  are 
disposed  so  that  the  posterior  margin  of  each  dips  slightly  under 
the  front  edge  of  the  one  next  below  it  in  the  series,  llie  three  or 
four  processes  on  either  side  of  the  lower  part  of  the  cone  appear  to 
have  coalesced  together  so  as  to  form  a  narrow  continuous  plate, 
which  extends  round  and  slightly  beyond  the  point  of  the  cone. 
In  another  specimen,  72  mm.  in  length,  there  are  about  thirty-four 
pairs  of  processes,  which  are  somewhat  triangular  in  outline. 
A  transverse  section  of  a  specimen  similar  to  Fig.  1  is  distinctly 
elliptical  in  outline. 

In  the  form  represented  in  PI.  VII,  Figs.  2  and  3,  the  cone  has 
been  weathered  so  as  to  expose  the  interior  longitudinal  rod  or 
thickening  of  a  portion  of  the  interior  of  the  test.  The  specimcu 
is  imperfect,  and  a  joint  in  the  shale  has  divided  it  into  two  parts. 
Above  the  fracture,  the  exterior  of  the  test  is  shown  crossed  by  stris^ 
with  a  slightly  concave  curve,  whilst  below  the  line  of  fracture  the 
interior  of  the  cone  is  laid  bare  by  weathering,  and  a  central 
rod-like  body,  unequally  thickened  at  intervals  and  bordered  by 
depressions  on  either  side,  projects  slightly  above  the  bordering 
wall  of  the  test  (PL  VII,  Fig.  3).  The  lateral  flaps  or  processes 
are  very  distinctly  striated,  and  in  contrast  with  those  of  the 
specimen  mentioned  above  (Fig.  1)  the  processes  and  the  stris^ 
have  a  slightly  upward  direction.  This  difference  may  perhaps 
be  explained  by  supposing  that  the  side  of  the  shell  exposed  in  this 
example  is  the  reverse  of  that  shown  in  Fig.  1.  Owing  to  the  fact 
that  only  one  side  of  a  specimen  can  be  examined,  it  is  not 
practicable  to  determine  if  the  characters  of  the  dorsal  or  ventral 
side  in  this  form  are  similar  or  not. 

Another  aspect  of  the  interior  rod  is  seen  in  the  middle  half  of 
a  specimen  (PL  VII,  Fig.  4)  in  which  the  striated  shelly  exterior 
has  been  weathered  away.  It  here  appears  as  a  straight,  slender, 
nearly  smooth,  cylindrical  rod,  just  within  the  wall  of  the  cone.  In 
the  short  length  of  it  exposed  there  is  no  connection  with  the  lateral 
processes  apparent.     The  nature  and  function  of  this  interior  rod 
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are  problematioal.  At  first  it  saggested  the  idea  that  it  might 
indicate  a  siphuncle,  but  there  is  no  evidence  that  it  was  a  hollow 
tabe.  Mr.  G.  0.  Crick,  who  has  most  carefully  examined  these  fossils, 
is  unable  to  recognize  in  them  any  genuine  Cephalopodan  characters. 
The  real  nature  of  these  forms  has  been  a  subject  of  much 
^)eculation  alike  to  the  writer  and  to  other  paleeontologists  who 
haTe  examined  them.  They  present  several  points  of  resemblance 
to  the  Hyolithidsd  in  their  general  form,  size,  the  character  and 
ornamentation  of  the  shell,  and  even  the  peculiar  flaps  or  lateral 
processes  may  be  looked  upon  as  analogous  to  the  winged  expansions 
in  Pteroiheea,  Salter,  and  Pterygotheea,  Novak.  I  am  unable  to  say 
at  present  whether  any  structure  occurs  in  known  Hyolithidas 
which  can  be  compared  with  the  interior  rod-like  body  in  FteroconuB. 
On  the  whole  there  seems  sufficient  justification  for  regarding  this 
genus  as  belonging  to  the  Hyolithidse.  The  systematic  position  of 
this  family  is  still  a  matter  of  debate,  and  its  relations  to  the 
Pteropoda  have  not  been  certainly  proved. 

Whilst  working  at  the  specimens  sent  to  me  by  Mr.  Howard  Fox, 
my  attention  was  called  to  the  figures  of  some  casts  of  fossils  from 
Polruan,  etc.,  by  Mr.  Upfield  Green,  in  the  Trans.  Roy.  G^l.  Soc. 
Cornwall,  vol.  xii  (1899;,  pt.  4,  pi.  F,  p.  227.  Through  the  kindness 
of  Mr.  Green  and  Mr.  J.  U.  Collins,  1  had  an  opportunity  of  seeing 
the  originals  of  the  figures  which  are  preserved  in  the  Museum 
of  that  Society  at  Penzance,  and  at  once  recognized  them  as  casts 
of  organisms  similar  to  those  discovered  by  Mr.  Fox.  Mr.  Green 
did  not  describe  the  forms,  but  limited  himself  to  giving  the  figures 
and  naming  **  the  fossil  Nereilopsis  coruubiciis,  from  its  somewhat 
distant  resemblance  to  some  of  the  species  of  the  genus  Nereis 
(Cuvier)  of  the  dorsibranchiate  order  of  Annelids."  I  pointed  out 
to  Mr.  Green  that  the  fossils  themselves,  as  distinct  from  the  casts, 
precluded  the  idea  that  they  could  in  any  way  resemble  any  species 
of  NereiSy  and  that  consequently  the  name  he  proposed  was  mis- 
leading and  should  be  changed.  Mr.  Green  accepted  ray  suggestion 
and  desired  to  substitute  Fteroconus  for  NereitopatSf  and  1  have 
adopted  his  fresh  name  as  that  of  the  genus.  Mr.  Green  states  that 
the  larger  of  his  specimens  (fig.  1,  pi.  F)  **  differs  from  the  others, 
being  terminated  posteriorly  by  a  tuberculated  extension,"  and  this 
may  properly  be  considered  as  the  type  of  Fleroconus  (Nereilopsis) 
Cornubicus,  Whether  the  other  forms  represented  in  his  figures  are 
new  species  or  will  prove  to  be  the  same  as  those  described  and 
figured  in  this  paper  must  remain  at  present  undecided. 

The  specimens  of  Pteroconus  minis  were  collected  by  Mr.  Howard 
Fox  in  the  claret  -  tinted  and  bluish  shales,  probably  of  Lower 
Devonian  age,  exposed  in  the  cliffs  and  foreshore  at  Bedruthan 
Steps,  North  Cornwall.  Mr.  Fox  has  announced  his  intention  to 
present  the  specimens  figured  to  the  British  Museum  (Natural 
History),  Cromwell  Road,  South  Kensington. 

Fleurodiciijnm,  sp.     (PL  VII,  Fig.  11.) 
Coral! um  discoidal,  thickness  inconsiderable,  the  upper  surface 
depressed  convex^  diameter  from   25  to  34  mm.     TI\i^iQ  BkX^  ^q>\\. 
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ten  large  ooi-allites  in  what  appears  tx)  be  a  fall-sized  oorallam, 
with  smaller  corallites  in  the  angles  between  the  larger.  The 
corallites  range  from  5  to  9  mm.  wide,  their  average  diameter  is 
7  mm.  They  are  polygonal  or  rounded  in  oatline,  shallow,  the 
walls  are  relatively  thiok  and  apparently  vesioalar,  showing  small 
irregular  interspaces  on  their  weathered  margins.  ITiere  are 
indications  of  pores  passing  through  the  walls  near  the  base  of  the 
corallites  and  communicating  with  the  exterior,  but  it  is  unoertain 
if  the  corallites  were  directly  connected  with  each  other  by  mural 
pores.  A  few  blunt  spines  are  present  in  the  lower  portion  of  the 
corallites,  but  there  are  no  indications  either  of  tabulae  or  septal  striae. 

Examples  of  this  form  are  by  no  means  rare,  but  they  are  all 
very  poorly  preserved,  and  but  little  more  than  their  upper  surfaoea, 
slightly  projecting  from  the  bluish  shaly  rock,  can  be  distinguished. 
Their  walls  have  been  replaced  by  a  mineral  which  gives  a  very 
slight  reaction  with  acid.  So  far  as  oomparison  is  possible,  the 
form  to  which  they  are  nearest  allied  is  P.  granviUferat  Schliiter 
(Anthoz.  d.  rhein.  Mittel-Devon.  Abhandl.  der  geol.  Laudesanst, 
vol.  viii,  1889,  p.  361,  pi.  iv,  figs.  5-8),  from  the  Middle  Devonian 
of  the  Eifel.  According  to  Mr.  C.  W.  Peach,  P.  j^ohlematieum^  Goldf., 
also  occurs  in  abundance  at  Polruan  and  other  localities  in  Ck)mwall 
(Trans.  Roy.  Oeol.  Soc.  Oomw.,  vol.  ix,  p.  52),  but  I  am  unaware  if 
this  determination  has  been  confirmed. 

It  seems  desirable  not  to  give  a  specific  name  to  the  present  form 
until  better  preserved  specimens  have  been  obtained.  It  is  found 
at  Porthcothan,  Porth  Mear,  and  Lower  Butter  Cove. 

EXPLANATION  OF  PLATE  VIL 

Fio.  1. — Pteroconus  mirus,  Ilinde,  sp.n.      Showing  the  exterior  surface  of  a  fairly 

perfect  specimen,  weathered  out  on  the  surface  of  a  shaly  rock.    Natural  aize. 

Lower  ?  Devonian :  Bedruthan  Steps,  North  Cornwall. 
Fig.  2. — The  same.    An  imperfect  specimen  from  the  same  locality,  the  exterior 

surface  shown  in  the  portion  aooTe  the  line  of  jointing,  and  below  this  the 

interior  of  the  cone  with  the  lateral  processes  are  exposed.     Natural  sixe. 
Fig.  3. — The  same.     A  part  of  Fig.  2,  enlarged  three  diameters,  showing  the 

longitudinal  rod  within  the  cone  and  the  striation  of  the  lateral  processes. 
Fig.  4. — The  same.    An  imperfect  specimen  showing  in  the  middle  portion  the  inner 

rod,  exposed  by  the  weathering  away  of  the  shell.     Natural  size.    From 

Bedruthan. 
Fig.  5. — Phlyct<ena»pis^  sp.     A  fragment  of  a  plate  weathered  out  on  a  surface  of 

shale.     Natural  size.    From  the  Lower  Devonian  of  Watergate  Bay,  North 

Cornwall. 
Fig.  6. — The  same.     A  portion  of  Fig.  6,  enlarged  ten  diameters  to  show  the 

tulwrcles,  one  of  which  is  hollowed  out. 
Fig.  7. — Fteraspis  Cwnubica^  McCoy,  sp.     An  imperfect  shield-plate,  showing  the 

stria;  and  lines  of  growth.     Natural  size.     From  the  lK)wer  Devonian  at 

Watergate  Bay. 
Fig.  8. — The  same.    A  portion  of  Fig.  7,  enlarged  five  diameters. 
Fig.  9. — Climatius^  sp.     A  fragment  of  a  spine,  showing  the  strongly  marked  ribs 

with  their  lateral  processes.    Natural  size.     From  Watergate  Bay. 
Fig.  10. — The  same.'  Part  of  Fig.  9,  enlarged  five  diameters. 
Fig.  11. — Fleurodktyumy  sp.     The  upper  surface  of  a  specimen,  partly  weathered 

out  of   bluish  shale.     Natural  size.    From  the  Lower  Devonian  at  Porth- 
cothan, North  Cornwall. 
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II.— NOTKS   ON   DREPANASPIS    GuUSDENENSlS,   SCHLUTIR. 

By  Dr.  R.  H.  Traquair,  F.R.S. 

rIS  most  remarkable  fish,  from  the  Lower  Devonian  Roofing 
Slate  (Hunsriicksohiefer)  of  Gmiinden,  in  Western  Germany, 
was  named,  but  very  imperfectly  described,  by  Schliiter  in  1887,  as 
his  material  was  at  that  time  of  a  very  fragmentary  nature.  He 
apparently  considered  the  creature  to  be  allied  to  Cephalanpis,  In 
Dr.  Smith  Woodward's  "  CaUlogue  "  (pt.  ii,  1891,  p.  311)  it  is  only 
mentioned  by  name  along  with  a  number  of  other  imperfectly  known 
forms  {Aspidichthys,  AnomaliehthySf  etc.)  which  he  considered  as 
*'  perhaps  for  the  most  part "  referable  to  the  Coccosteidso. 

In  1890  I  began  to  obtain  specimens,  at  first  very  fragmentary, 
throagh  the  agency  of  Mr.  Stiirtz  in  Bonn,  and  in  exhibiting  these 
before  the  Boyal  Society  of  Edinburgh,  I  expressed  the  opinion  that 
the  affinities  of  Drepanaspis  lay  rather  with  the  Pteraspidffi  (Nature, 
vol.  liv,  p.  263).  Finally,  having  got  together  a  considerable 
amount  of  more  perfect  material,  I  incidentally  described  the  fish  in 
my  recently  published  memoir  on  the  Silurian  Fishes  of  Scotland, 
^ving  a  restored  figure  of  its  dorsal  aspect,  which  Dr.  Smith 
Woodward  has  reproduced  in  his  critical  notice  of  that  memoir 
which  appeared  in  the  Geological  Magazine  for  February  last 
The  conclusion  I  came  to  was  that  Drepanaspis  formed  the  type  of 
a  distinct  family,  related  not  only  to  the  PteraspidsB  but  also  to  the 
PsammosteidaB  and  Coelolepida),  and  whicli  must  consequently  along 
with  these  three  families  be  included  in  tlio  Ileterostraci,  ot  which 
the  Ccelolepidae  appear  to  form  tlie  starting-point. 

But  beyond  the  fact  that  Drepanaspis  possessed  a  large  median 
ventral  plate  as  well  as  a  dorsal  one,  and  that  the  two  could  readily 
be  distinguished  by  their  shape,  ray  knowledge  of  the  topography  of 
the  inferior  surface  of  the  carapace  was  still  imperfect.  Nor  had 
I  ascertained  the  position  of  the  mouth,  though  I  said  that  **  as  it  is 
impossible  to  conceive  of  the  absence  of  a  mouth,  we  must  conclude 
that  it  was  placed  exactly  at  tlie  anterior  margin." 

However,  since  that  memoir  was  published,  I  have  received  from 
Dr.  Krantz,  of  Bonn,  a  specimen  of  the  carapace  of  Drepanaspis 
(Fig.  2),  which  not  only  clears  up  previously  unsettled  questions 
regarding  the  arrangement  of  the  plates  on  the  ventral  surface,  but 
also  shows  the  mouth  itself  in  situ. 

But  before  describing  the  ventral  surface,  I  may  as  well  recapitulate 
the  facts  already  known  regarding  the  configuration  of  the  fish. 

The  carapace  (Fig.  1)  is  broad,  depressed,  very  obtusely  rounded 
in  front,  and  terminating  behind  in  a  prominent  though  rounded 
angle  on  each  side.  There  is  on  the  dorsal  surface  a  large  median 
plate  (m.d.)  of  an  ovate- hexagonal  shape,  the  anterior  margin  being 
short  and  nearly  straight,  while  the  still  shorter-  posterior  one  is 
acutely  notched.  Each  postero-lateral  angle  of  the  carapace  is 
formed  by  a  narrow,  elongated,  somewhat  falciform  plate  (p-l-),  the 
postero-lateral  or  comual,  whicli  tapers  to  a  sharp  point  in  front  and 
forms  most  of  the  external  margin  of  the  shield.     The  Tea\.  ol  W^ 
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emtaoa  is  formed  b;  small  polygonal  plates,  reminding  as  of  the 
tesselated  surfaoe  of  many  Psaramoatean  shields,  while  w«  aometimea 
find  a  few  larf^r  roitral  ones  (r.)  just  at  the  anterior  margin  ;  and 
external  to  these  just  at  the  edge  of  the  oarapaoe  we  find  a  plata 
showing  a  small  round  depreasiun  or  pit  (x.)  which  in  my  Silurian 
memoir  I  have  supposed  might  possibly  represent  an  orbib  But  to 
this  I  shall  again  refer  further  on. 


Fio.  l.—Drfpantiipii  O'miiiulmemii.  Schliiter  ;  restored  outline  of  the  dorsal  sapect, 

the  KariacG  nmanient  omittefl,  fltid  the  tail  twi»t£<l  round  so  aa  to  ahow  tha 

caailal  tin  in  pniHle.    m.d.  mi^nn  diiranl  plate  ;   pJ.  poat«ro-liitenl  platei ; 

r.  ruxtittl  iilat(» ;  f,  siriuury  pLito.     Slightljr  altered  from  the  H^ure  pTerioiulir 

giTen, 

Tlie  surface  ornament  of  all  thene  plates  consists  of  small  and 

tolerably  closely  set  stellate  tubercles,  and  it  is  to  be  noted  that 

ou  tho  small  iwlygonal  ones  we  often  find  a  tubercle  of  larger 

size  itt  or  near  the  centre,  as  is  cotumonty  the  oaae  on  the  polygonni 

areas  of  Piammofteus  Taytori. 

The  tail,  spriugiiig  from  the  middle  of  the  posterior  margin  of 
the  carapace,  is  comparatively  short,  and  terminatea  in  a  heterooeroal 


fliaai^  nnvdy  Molwcl  oHdal  fla,  baf  tluTB  k  no  tnM  of- uy  otktr 
Sm  «r  upradif^BS,  purtd  or  nnptirad.  ^mm  pftrti  u*  oorond 
«■  tlM  ndn  bj  riiomDio  tnbsraawad  ntlM,  and  boidond  aboro  ind 
Wow  mpeatirelj  bj  a  ritiglft  roir  of  nurow  imbriiMitiBg  madma 
iWlM  or  *ftdflr«.'  NotiiiDg  raMtnUing  jd-Mf*  owa  be  Hen,  nor  ia 
An*  wn  dofinito  Una  of  dnMrmtion  batwaoa  tho  aoalM  of  tiw 
My  pnloiwstion  wd  thon  of  tiu  fln-inembruo,  tbongh  tho  laUar 
bMome  gn&aUy  nMllsr. 
^rning  now  to  tho  Tentral  urfua  of  th«  utimal,  I  h>TO  in  Fig.  S 
pvm  m  wmmtely  ndnoad  skatob  of  tho  platM  m  wm  in  tho 
<»w  speolnuo  to  which  I  hove  allndod,  wlule  Fig.  S  tepraoanto 
>  nttwnAion  in  whioh  the  oUiqna  dittottioa  doo  to  lUty  cloftTag* 
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Fie.  2.  —  Sketch  of  ■  specinien  af  the  cirapnca  of  Brepanatpti  Omvndtiimitt, 
Scbluter  ODp  third  natural  Bize  dutorted  by  siatf  clravage  am]  Bomewhat 
impm^ett  behind  d  m  alb  r  roatral  ot  upper  Itlbial  plates  1 1  eitemsl 
litnil  plate  n  niealal  plate  z  >on>ory  plate  a  r  I  anterior  Tcntio- 
latenl  m «  median  lenlral  m  d  portion  of  inner  surface  of  median 
donal ,  pv  I  potlenor  Tcntro  lateral     f  I  poatero  lateral  or  cornnal  plate. 

bsi  been  correoted  We  may  now  see  tbat  tha  mouth  (o  )  le  placed 
exaotly  where  I  had  expected  to  find  it,  namely,  at  the  anterior 
margin  of  the  oarapace.  It  is  a  traniTene  slit,  the  npper  morf^in  of 
whioh  ia  formed  by  the  nnterior  edges  of  the  roitral  plates  (r. )  already 
mantioned,  while  at  each  outer  corner  there  is  a  amall  exlental  labial 
pUto  (a-IOi  the  tnberoles  on  wbioh  are  rather  laif^er  ^kua  ^q» 
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«l8ewhere.  Tlie  lower  boundary  of  the  oral  slit  is  formed  by  the 
lower  margin  of  a  broad  pentagonal  plate  (in.),  whioh  we  maj  call 
mental.  The  anterior  or  oral  margin  of  this  plate,  which  is  also  th« 
longest,  ia,  however,  not  quite  straight,  as  it  showa  a  very  obtnae 
angle  in  the  middle ;  the  two  lateral  margins  are  ahorter  and 
alightly  convergent  posteriorly ;  the  postero- lateral  margins  follow, 
each  at  an  obtuse  an^le  to  ita  reapeotive  lateral  one,  and  they  meet 
each  other  behind  also  at  an  obtuHe  angle,  which  fits  into  the  wide 
anterior  notch  or  escavation  of  the  plate  next  to  be  described. 


3.  —  Re&tiirol  nutline  nf  tlip  rcatrul  aippct  of  lirrpaiiaipit  Oraanietietaii, 
Scliliilec  ;  Hurfure  ornnnir'nt  imiitteil  aiul  tliu  \a\\  twisted  round  so  u  t0 
u]ipe[ir  in  protiir.  Lfttpnni;  as  in  l-i^  2,  but  th?  mnuth  in  &ont  and  VM 
!^uppoi(fd  cToaisI  opcniD^  lichind  are  icprcaeutfd  id  blitck. 
n,  the  great  median  ventral  plate  {m.v.),  is  of  a  broadly  oval  fonui 
ire  a  wiilely  oijen  notch  or  indentation  in  front  which,  as  aforesaid, 
s  Ihe  posterior  angle  of  Ibe  mental  plate.  In  the  specimen 
of  which  Fig.  2  is  a  sketch,  the  hinder  extremity  of  this  plata  is 
brolten  off,  but  in  Fig.  3  I  have  i-estored  its  contour  from  other 
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tpeoimens,  whence  it  will  be  seen  that  it  presents  a  narrow  median 
Botoh,  the  direotion  of  which  is  continued  for  a  little  way  in  front 
by  a  longitudinal  fold-like  elevation  of  the  surface. 

Betuming  now  to  the  front,  we  find  on  each  margin  of  the 

Qsrapace,  immediately  behind  the  small  external  labial  plate  of  the 

month*  another  and  rather  larger  element  of  a  trapezoidal  shape 

(s*),  transversely  placed,  with  a  short  external  margin,  a  longer 

internal  one,  while  the  posterior  is  the  longest  and  is  directed 

nearly  at  a  right  angle  to  the  middle  line  of  the  creature.     In  the 

outer  extremity  of  this  plate  is  a  small  rounded  depression,  which 

in  the  specimen  sketched  in  Fig.  2  and  in  some  others  is  seen  on 

ihe  ventral  aspect  of  the  fossil ;  but  as  it  also  appears  in  some  on  the 

clonal  aspect  it  appears  to  me  to  have  been  marginal,   and   that 

the  outer  extremity  of  the  plate  on  which  it  occurs  must  have  been 

Inflected    upwards   when    in    an    uncrushed    condition.      In    my 

**  Silurian  "  Memoir  above  quoted,  I  have  designated  this  depression 

^  an  orbit   with   a  query,   and   it  certainly  occupies  a  position 

singularly  analogous  to  that  of  the  supposed  orbit  in  Pleraspis, 

vhioh  is  also  very  small  in  proportion  to  the  size  of  the  animal. 

^Qt  in  some  examples  before  me  it  seems  to  have  a  floor  furnished 

^th  tubercles  similar  to  those  of  the  rest  of  the  surface,  so  that  its 

orbital  nature  can  hardly  be  maintained.    However,  from  its  constant 

^Qrrence  on  the  same  plate  and  in  the  same  position  it  must  have 

^  meaning,  and  doubtless  it  marks  the  place  of  an  organ  of  sense  of 

^ome  sort,  which  can  hardly  be  a  nostril,  and  as  the  plato  itself 

'^ust  have  a  name  we  may  call  it  the  sensori/  ])late. 

Immediately   behind  this   *  sensory  '  plate  is  another  and  lar<2;er 

^ne  (a.v.i)  of  an  approximately  triangular  form,  a  lon<j;  irre<^nlarly 

Scolloped  side  internally,  a  gently  convex  outer  one,  and  an  acutely 

^inted  posterior  angle.     The  outer  margin  of  this  plate,  which  we 

Vnay  call  anterior  ventro-lateral,   fits  on  below  the  anterior  pointed 

Extremity   of   the  great  postero-Iateral  plato  (p./.)'  ^^^  extensively 

^een   on   the  dorsal  surface   (Fig.   1),   but  which   appears   on   the 

Central  aspect  simply  as  a  rather  narrow  thickened  margin,  marked 

with  wavy  ridges  instead  of  tubercles,  and  is  obliquely  bevelled  off 

just  at  the  postero-Iateral  angle   (Figs.  2  and  .*{).      These  lateral 

elements  on  the  ventral  surface  are  on  each  side  separated  from  the 

mental   and  median   ventral  plates   by  a  series  of   small  polygonal 

ones,  as  represented  in  Figs.  2  and  3,  hut  just  behind  there  is  an 

ovate-oblong  one  of  a  considerable  size  (p.v.l.),  which  may  bo  called 

pofterior  ventro-lateral.      The  space  between  this  and  the  j)ostero- 

external  angle  of  the  plate  p.l.   (left  empty  in  the  figures)  seems 

in  one  specimen  to  be  covered  by  another  smaller  one ;  any  way, 

1  think  that  in  this  region  the  branchial  aperture  must  have  been 

placed,  though  its  position  is  as  yet  not  exactly  determined. 

In  a  specimen  in  the  collection  of  the  Geologische  Landesanstalt  in 
Berlin,  the  posterior  notch  of  the  median  ventral  plate  seems  to 
form,  along  with  an  elevated  median  scale  just  behind  it,  a  narrow 
opening,  which  I  take  to  be  the  orifice  of  the  cloaca  (see  Fig.  3). 
This  is  succeeded  in  the  backward  direction  by  four  almWoti  %Q,\3\fe^ 
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whioh  pass  into  the  median  fulcra  of  the  ventral  margin  of  the  tttl 
and  caudal  fin ;  these  fulcra  heing  at  first  very  stout  and  prominent^ 
but  becoming  further  back  proportionally  more  slender  and  oblique. 

The  above  is  a  sketch  of  the  configuration  of  BrepatuupiM  and  of 
the  parts  forming  its  exoskeleton,  so  far  as  I  have  been  able  to 
elucidate  the  subject  after  ten  years*  careful  hoarding  up  of  matetial. 

Observations, — It  will,  I  think,  be  acknowledged  that  Dr^pauoMpU 
is  a  creature,  the  details  of  whose  structure  as  described  above  form 
an  important  addition  to  our  knowledge  of  the  extinct  Ostraoodermi 
of  the  Silurian  and  Devonian  periods.  Its  resemblance  to  the  still 
imperfectly  known  Psammosteidaa  cannot  be  gainsaid,  nor  can  its 
affinity  to  the  Coelolepid«e  on  the  one  hand  and  to  the  Pteraspidn  on 
the  other  be  doubted,  and  consequently  I  have  in  my  memoir  on 
the  Scotch  Silurian  fishes  included  all  four  families  in  a  new 
and  enlarged  conception  of  the  Heterostraoous  division  of  the 
Ostraoodermi. 

Looking  at  Drepanaapis  by  itself  we  have  a  creature  whose  hard 
parts  are  entirely  dermal,  and  in  which  no  traoes  whatever  of  any 
endoHkeleton  can  be  found. 

The  mouth  is  a  transverse  slit,  which  shows  no  teeth,  nor  any 
j'lws  properly  so  called,  and  therefore  affords  an  apparent  support  to 
the  agnathous  theory  of  the  OHtracodernii.  But,  I  repeat,  we  know 
nothing  of  the  original  cartilaginous  endoskeleton,  and  consequently 
to  believe  that  the  fish  while  living  had  no  cartilaginous  repre- 
sentative of  the  Meckelian  element  is  surely  an  assumption,  while 
to  argue  therefrom  any  Hpecial  affinity  to  the  Lampreys,  so  utterly 
different  in  form,  seems  to  nie  to  be  a  non  eequitur.  Here  it  may  be 
observed  that  the  condition  of  the  nasal  organ  does  not  afford  us  any 
help  in  this  question,  as  no  external  nostril,  either  single  or  double, 
Ims  been  observed  in  Drepanaspis  or  in  any  other  Ostracoderm. 
The  only  Paleozoic  fish  which  is  apparently  monorhinal  like  the 
Lampreys  is  Palaospoudylus, 

There  is  certainly  no  shoulder  girdle  in  Drepanaspis,  nor  are 
there  paired  fins,  at  least  from  the  functional  standpoint.  But  the 
prominent  postero  -  lateral  angles  of  the  carapace  are  obviously 
e<|uivalent  to  the  lateral  expansions  in  the  Ccelolepidae,  whioh  I  have 
interpreted  as  pectoral  fin-folds.  If  this  idea  in  right,  we  have  the 
parts  representing  the  pectoral  fins  in  Drepanaspis  replaced  by 
unyielding  plates. 

JDr.  Smith  Woodward,  in  his  review  of  my  Silurian  memoir,  dis- 
acrrees  with  this  view  on  two  f5:round8. 

First,  because  there  is  no  line  of  demarcation  between  the  fin-like 
expansions  of  Thelodns  and  the  rest  of  its  body,  no  change  in  the 
character  of  the  dermal  armature  at  that  part,  and  no  signs  of 
flexibility. 

But  the  very  same  things  may  be  said  of  the  caudal  fin  of  Thelodus 
and  of  Drepanaspis,  and  surely  no  one  would  deny  that  t<,  at  least, 
is  a  fin.  In  Drepanaspis^  as  we  have  seen,  the  expanse  of  the  caudal 
fin  is  covered  with  scales  precisely  similar  in  shape  and  in  sculpture 
to   those  of  the  body  prolongation,  between    which  and   the   fin 
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membrane  bo  abrapt  line  can  be  seen,  though  the  ecales  tend  to 
diminish  in  size  distally.  And  in  a  specimen  of  the  reoent  Angel-fish 
{Rhina  $quatina)  now  before  me,  I  see  no  sudden  change  in  the 
character  of  the  shagreen  granules  as  they  pass  from  the  surface  of 
the  body  on  to  that  of  the  broad  pectoral  fin.  As  regards  evidenoe 
of  flexibility,  the  Silurian  specimens  of  Coololepidie  are  all  crushed 
abaolntely  flat,  but  in  the  case  of  the  large  Thelodw  Paget  from  the 
Forfarshire  Old  Bed,  which  has  not  been  subjected  to  such  an 
extreme  degree  of  compression,  it  does  seem  to  me  that  there  is 
decided  eyidenoe  of  flexibility,  as  well  as  thinness,  at  the  posterior 
external  angles  of  the  parts  which  I  have  supposed  to  represent  fins. 

Secondly,  Dr.  Smith  Woodward  objects  to  the  idea  of  *'  a  motile 
organ,  originally  used  for  balancing,  if  not  for  progression,  losing  its 
fanotion,  not  by  atrophy,  but  by  conversion  into  a  rigid  structure 
continuous  with  its  base  of  support,"  a  phenomenon  for  which  he  has 
**  tried  in  vain  to  find  a  parallel  in  the  animal  kingdom." 

It  is  perhaps  a  bold  idea,  and  1  may  be  wrong,  but  let  us  look  for 
one  moment  at  the  case  of  the  Asterolepids  (Antiarcha  of  Cope). 
Dr.  Smith  Woodward  thinks  it  improbable  that  the  pectoral  members 
of  FUriehthys  are  homologous  with  those  of  the  '  Class  Pisces,'  but 
there  they  are,  organs  which  must  have  been  used  for  progression, 
enclosed  in  rigid  plates,  though  provided  with  two  joints,  one  at 
the  junction  with  the  body  and  another  about  the  middle  of  the 
appendage  itself.  Dr.  Smith  Woodward  maintains,  however,  that 
the  fixed  pectoral  spines  o^  AcanthasptSf  which  lie  considers  to  be  an 
Asterolepid  or  Antiarchan,  are  homologous  with  tlie  moveable  *  arms' 
o£  Asterolepis  or  Plerichthjs.  If  ho  is  right  in  this,  would  there  not 
be  something  of  a  parallel  here,  unless  we  believe  that  the  fixed 
spine  has  been  the  original  condition  from  which  the  complex 
moveable  limb  of  Pterichthys  has  been  evolved,  which  is  not  very 
probable?  This,  of  course,  is  not  an  argument  upon  which  I  can 
insist,  seeing  that  I  personally  consider  Acanthaspts  to  be,  not  an 
Asterolepid,  but  a  Coccostean,  closely  related  to  Phlyctanaspis,  Traq., 
the  very  similar  pectoral  spine  of  which  Dr.  Smith  Woodward  was 
himself  the  first  to  observe.^ 

It  is,  however,  not  the  object  of  the  present  communication  to 
enter  into  an  exhaustive  discussion  of  the  disputable  questions  raised 
in  my  *  Silurian  '  Memoir  and  in  Dr.  Smith  Woodward's  comments 
thereon, — that  I  must  defer  to  another  time  and  another  place.  My 
purpose  has  been  to  complete  the  description  of  the  remarkable 
Heterostracan  genus  Drepanaspis,  according  to  light  thrown  on  the 
subject  by  material  acquired  since  the  publication  of  the  memoir  to 
which  I  have  so  often  referred. 

*  In  Coceosteus  itself  the  pectoral  spine  is  so  small  that  in  my  description  of  the 
skeleton  of  C.  cUcipiens  (Ann.  Mag.  Nut.  Hist.,  Feb.,  1890)  I  described  and  figured 
it  merely  as  a  process  of  the  int^rlatoral  plate,  from  wliich  it  is,  however,  quite 
<U8tinct.  There  certainly  is  a  *  Bruststachel  *  in  Coceosteus^  but  as  it  is  not  only  veiy 
*mall,  but  absolutely  fixed,  it  can  hardly  be  called  a  *  Huderorgan.* 
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III. — On  the  Age  of  the  Lateb  Dykes  of  Anolesbt. 

By  Edward  Gbeexlt,  F.G.S. 

npHE  existence  in  Anglesey  of  a  series  of  dykes  later  than  most  of 
X  the  rocks  of  the  island  has  long  been  known.  Some  of  the 
more  conspicuous  ones  were  described  by  Henslow,  many  more 
appear  on  the  map  of  the  Geological  Survey,  and  petrological 
descriptions  were  given  some  years  ago  (Geol.  Mao.,  1887-88)  by 
Mr.  Harker. 

They  have  been  hitherto  regarded  as  of  Post-Carboniferous  bnt 
Pre-Permian  age,  on  the  ground  that,  while  traversing  the  Coal- 
measures  of  the  Malldraeth  Marsh,  one  of  them  has  been  observed 
to  terminate  at  the  base  of  the  overlying  red  strata.  Sir  A.  C. 
Ramsay  distinctly  states  that  this  evidence  is  derived  entirely  from 
the  old  coal- workings,  and  that  at  the  time  he  wrote  the  red  beds,. 
regarded  by  him  as  Permian,  were  nowhere  visible  at  the  surface. 
("  Geol.  N.  Wales,"  2nd  ed.,  p.  266.) 

Now,  however,  some  of  the  red  beds  in  question  are  exposed  in 
the  bottoms  of  the  railway  cuttings  on  either  side  of  Holland  Arms 
Station.  The  sections  are  shallow,  the  cuttings  being  grassed  over 
to  within  a  few  feet  of  the  bottom,  bnt  are  tolerably  clear  where 
visible.  The  rocks  seen  are  variable  red  sandstones  and  marls,  often 
green-mottled  with  occasional  thin  beds  of  harder  yellow  and  white 
sandstone  and  grey  shale.  While  some  of  the  types  are  such  as 
elsewhere  occur  in  the  true  Coal-measures,  others  are  of  well-known 
'  New  Red '  cispect,  and  might,  as  far  as  lithological  characters  go, 
be  even  of  Triaasio  age.^  They  closely  resemble  the  rocks  seen  on 
the  old  pit  spoil-banks,  among  which  I  have  found  red  sandstones 
with  secondary  outgrowths  of  quartz  showing  crystal  facets,  like  the 
well-known  rocks  of  Penrith  and  other  localities.  There  are  beds, 
moreover,  containing  fragments  of  chert  in  a  dolomitic  matrix,  and 
some  with  rolled  fragments  of  limestone;  and  due  weight  must  still 
be  attached  to  the  statement  that  certain  faults  fail  to  traverse  these 
red  beds  in  the  old  coal-mines. 

It  appears,  then,  that  while  the  question  of  the  age  of  these  rocks 
cannot  be  regarded  as  settled,  there  is  no  fresh  evidence  to  upset, 
and  some  to  support,  the  view  of  Sir  A.  C.  Ramsay  that  they  are  of 
Post-Carboniferous  age. 

Now,  in  the  cutting  south-west  of  the  station,  these  l)eds  are  seen 
to  be  traversed  by  two  dolerite  dykes,  one  on  each  side  of  the 
Holyhead  Road,  that  on  the  north-east  being  about  50  feet  and 
that  on  the  south-west  side  about  110  feet  in  width.  Their  intrusive 
relations  are  clear,  and  one  of  the  grey  shales  shows  small  spots 
and  is  perceptibly  indurated  near  the  dyke.  They  break  up 
spheroidally,  and  although  the  bulk  of  the  material  of  both  dykes 
is  quite  decomposed,  yet  the  spheroidal  cores  are  not  only  hard 
but   remarkably   fresh   and    well    preserved.      The    dyke    on    the 

*  Somft  of  ray  former  colloajrues  of  the  Geological  Survey,  who  hnvc  lately  had 
much  experience  of  the  Jied  Rocks  of  South  Wales  and'  the  Midlands,  kindly 
examined  :*omt;  specimens  lor  mc 
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north-east  side  of  the  road  is  seen  only  in  the  cutting,  hat  that  on 
the  soath-west  side  (which  1  will  call  the  Holland  Arms  dyke) 
has  been  traced  to  the  E.S.E.  for  a  distance  of  more  than  a  quarter 
of  a  mile,  retaining  all  its  peculiar  characters.  In  this  short 
diatanoe  it  passes  from  the  red  rocks  of  the  cutting  across  a  faulted 
belt  of  Carboniferous  Limestone,  then  across  a  narrow  belt  of 
Ordovician  shales,  and  from  these  into  mica-schists  belonging  to 
the  old  coinpIoK.  It  traverses,  indeed,  nearly  all  the  great  rock 
groups  of  Anglesey,  and  passes,  unaffected  so  far  as  can  be  seen, 
across  two,  if  not  three,  main  faults.  Moreover,  the  two  faults  in 
qneetion  must  be  at  least  of  Post-Carboniferous,  and  if  Sir  A.  C. 
Kamsay's  view  be  correct,  of  Post-Permian  age. 

It  appears,  therefore,  that  the  dykes  must  be  of  much  later  date 

than  has  been  hitherto  supposed.     The  negative  evidence  of  the  old 

pit- workings,  that  they  belong  to  a  period  between  Carboniferous  and 

Permian,  loses  its  value  in  face  of  the  positive  evidence  from  the 

railway  cutting,^  and  certainly  no  volcanic  episode  of  that  date  is 

known  elsewhere  in  Britain.      It  is  conceivable,  indeed,  that  they 

night  belong  to  the  Permian  period  itself,  but  this  is  very  unlikely, 

even  should  the  red  rocks  prove  to  be  Carboniferous.     No   such 

regular  system   of  N.W.-S.E.   dykes    is  known   in   the   Permian 

volcanic  groups,  and  in  any  case  we  should  hardly  expect  Permian 

dykes  to  pass  across  main  faults  of  Post-Carboniferous  date.     Now 

the  next  period  of  volcanic  activity  within  the  British  area  is  that  of 

Tertiary  time  (Geikie,  "  Ancient  Volcanoes  of  Great  BriUiin,'*  vol.  ii, 

P-107);  and  to  that  period,  therefore,  these  dykes  most  probably 

belong. 

In  addition  to  the  stratigraphical  considerations  above  set  forth, 
tliere  are  others  that  lend  support  to  this  view. 

The   petrological    characters   of    the    dykes   are    on     the    whole 

favourable  to  it  rather  than   otherwise.     While   the   majority    are 

somewhat    sub-basic    dolerites,  with   andesitic   selvages,   there  are 

8  certain  number  of  typical  ophitic  oliviue-dolerites,  of  which  the 

fluUand  Arms  dyke  is  one.    I  have  compared  a  slide  of  it  and  of  one 

'jf  the  less  basic  dykes  a  short  distance  away,  on  the  south  side  of 

the  Holyhead  lioad,  near  the  old  Jerusalem  Inn,  with  a  number  of 

slides  of  Tertiary  dykes  in  the  Jermyn  Street  collection,  and  there  is 

^0  difficulty  in  matching  them.      The  Holland  Arms  dyke  itself 

^'esembles  a  dyke  from  Goat  Island,  Kaasay,  to  mention  a  particular 

'tistance. 

Mr.  Harker,  who  has  described  these  dykes  (Geol.  Mag.,  1887, 
l:i.  409  ;  1888,  p.  207  ;  also  *'  Bala  Vole.  Series  Carnarv.,"  pp.  106-109, 
^nd  "Petrology  for  Students,"  2nd  ed.,  p.  129),  and  who  has  had 
Exceptional  opportunities  for  studying  the  Tertiary  dykes  of  Skye, 
'Vsrrites  me : — "  Petrographical  analogies  would  seem  rather  to 
Support  than  to  debar  such  a  conclusion  [viz.,  as  to  their  Tertiary 
^^ge\  The  Menai  Straits  dykes  are  for  the  most  part  andesitic 
dolerites  and  augite-andesites,  not  rocks  of  very  basic  composition, 

'  It  may  be  remarked  in  passiu;^  tliat  the  statement-*  as  to  certain  faidU  iu  tkc 
^^otilfield,  it'  true,  lose  nono  of  their  importance  as  evidence. 

IjECADE  it.  —  VOL.     TJI. — SO.    IV.  \\ 


162 


E.  Oreenly — Age  of  Later  Angleeey  Dykee. 


and  olivine  is  of  ezoeptional  ooonrrenoe.  Dykes  and  other  intniiioni 
of  the  Carboniferons- Permian  set  elsewhere  in  Britain  seem  to  be  in 
general  decidedly  basic,  and  nsnally  carry  olivine.  They  might  be 
matched  among  the  Tertiary  rocks  of  the  Western  Isles,  which  htfe 
a  very  considerable  range  of  composition,  basic  and  sab^basio;  bvt 
the  Tertiary  dykes  of  the  North  of  England  are,  as  Teall  has  pomted 
out,  mainly  of  andesitio  natare." 

On  p.  215  of  "  British  Petrography,**  Mr.  Teall  remarks  on  a  rook 
from  Holyhead  Island  as  "a  wonderfully  fresh  ophitic  olivine 
dolerite.  In  its  composition  and  state  of  preservation  it  diffen 
so  markedly  from  the  '  greenstones '  and  approaches  so  closely  to 
many  of  the  Carboniferous  and  Tertiary  dolerites  that  one  is  inclined 
to  regard  it  as  a  rock  of  much  later  date." 

The  Holland  Arms  dyke  presents  two  opposite  extremes  with 
regard  to  state  of  preservation.  Much  of  the  rock  is  decomposed  to 
a  sand/  and  yet  in  the  cores  of  the  spheroids  even  such  a  mineral  tf 
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Fio.  1. — Group  of  dykes  in  Mynydd  Llwydiarth. 

olivine   remains  intact  and   unserpentinized  to  a  degree    almost^ 
unknown  in   Pre-Tertiary  rooks.     Mr.  Barrow  tells  me  that  this 
condition  is  characteristio  of  the  Cleveland  dyke  when  traversing 
certain  beds  in  East  Yorkshire.     The  less  basic  dolerites  are  also  in 
general  very  well  preserved. 

In  their  strike  and  general  behaviour  in  the  field  these  dykes  closely 
resemble  those  of  the  West  of  Scotland ;  and  certain  parts  of  the 
maps  can  hardly  fail  to  at  least  suggest  to  the  mind  that  they  belong 
to  tbe  same  age  and  series  of  intrusions,  the  type  of  volcanic  action 
being  identical.  (Fig.  1.)  The  average  strike  is  about  N.W.-S.E., 
a  large  number  ranging  W.N.W.-E.S.E.,  and  a  few  in  a  more  N.-S-^ 

1  Denudation  along  this  soft  friable  material  probably  initiated  the  transren^ 
rarine  on  the  south  side  of  the  Holyhead  Road  at  Holland  Arms. 
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direotioo.  The  *  solitary  '  and  '  gregariouB '  habits  may  both  be 
«aid  to  be  represented.  The  Plas  Newydd  dyke  is  a  good  example 
of  the  solitary^and  the  group  shown  in  Fig.  1  of  the  gregarious  type. 

Most  of  them  are  short,  or  at  any  rate  are  traoeable  for  short 
distanoes  only,  the  longest  yet  mapped  being  the  large  dyke  that 
runs  from  Menai  Bridge  Yillage  to  Castellor,  about  a  mile  and  three- 
quarters.  The  widest  is  the  Holland  Arms  dyke  itself,  110  feet,  but 
the  larger  dykes  of  Menai  Bridge,  which  average  about  50  feet,  are 
more  typical  of  the  larger  dykes  of  the  island.  One  of  these  last  has 
been  quarried  for  road-metal  in  several  places,  and  the  abandoned 
quarries  remain  as  very  striking  trench-like  chasms,  one  of  which 
is  visible  from  the  Suspension  Bridge  among  the  houses  on  the 
north-east  side.  It  may  be  observed,  moreover,  in  this  connection, 
that  these  dykes  furnish  the  principal  material  for  road-metal  in 
the  district. 

The  discontinuity  of  the  dykes  at  the  surface  is  not  wholly  due  to 
oonoealment  by  drift,  but  can  in  certain  cases  be  shown  to  be  due  to 
failure  to  reach  the  existing  surface  of  the  ground.  Thus,  the  Menai 
^Bridge  dyke  can  be  seen  to  be  interrupted  by  a  space  of  country  rook 
near  the  Church,  reappearing  after  a  few  yards.  A  small  dyke 
(about  2  feet  wide)  at  Cadnant  Creek  can  be  seen  to  terminate 
upwards  in  cross  section  (Fig.  2),  while  a  large  one  on  the  coast 


Fio.  2. — Upward  termination  of  dyke  at  Cadnant. 

near  Careg  Onen,  sufficiently  inclined  to  be  of  the  nature  of  a  sill 
(a  somewhat  rare  mode  of  occurrence)  is  partly  overlain  by  schist 
{Fig.  3),  and  disappears  wholly  underground  before  reaching  low- 


Fio.  3. — Sketch  section  through  dyke  near  Careg  Onen. 

water  mark.  These  characteristics  were  observed  by  Henslow,  and 
are  illustrated  by  him  in  some  longitudinal  sections.  The  Castellor 
d^'ke  actually  stops  short  at  the  brow  of  the  hill  overlooking  the 
village  of  Menai  Bridge,  instead  of,  as  might  have  been  expected, 
being  still  better  exposed  in  the  lower  ground.  It  is  curious,  though 
perhaps  accidental,  that  the  Cleveland  dyke  is  known  to  behave  in 
a  similar  manner  (see  Geikie,  **  Ancient  Voles.  Gt.  Brit./'  vol.  ii, 
pp.  147-150).  Yet,  in  spite  of  phenomena  like  these,  dykes  cross  the 
summit  of  Mynydd  Llwydiarth  at  a  height  of  500  feet  abo'V^  \Xi^  ^^^, 
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If  the  YiewB  advocated  in  this  paper  be  adopted,  ooneiderable- 
interest  will  attach  to  these  rocks.  Tlie  only  igneous  rock  hitherto- 
recognized  as  Tertiary  in  this  country  to  the  south  of  the  CleTeland 
dyke  is  a  solitary  dyke  which  traverses  the  red  rocks  of  Staffordshire. 

But  these  Anglesey  dykes  are  a  large  and  important  system, 
much  more  important  than  has  been  generally  supposed.  They  do 
not  give  rise  to  conspicuous  features  of  any  kind,  and.  easily  escape 
notice,  so  that  few  of  them  have  been  hitherto  recorded,  except  on 
certain  parts  of  the  coast.  But  within  the  space  comprised  in  the 
one-inch  sheets  94  and  106  (i.e.  east  of  a  line  drawn  from  Pentraeth 
to  near  Plas  Newydd)  I  have  met  with  no  less  than  131.  A  large 
group  aUo  occurs  about  Holland  Arms  itself;  and  thongh  they  are 
less  numerous  in  the  centre  of  the  island,  a  good  many  still  appear, 
and  of  the  same  general  type  as  those  near  the  Straits ;  while 
Mr.  Teall's  remark  above  quoted  shows  that  they  also  occur  in  the 
Holyhead  area.^  They  are  most  numerous  of  all  in  the  rocky  tract 
known  as  Mynydd  Llwydiarth  (in  Sheet  94),  where  47  occur  within 
a  space  of  a  square  mile.  But  there  is  good  reason  to  believe  that 
they  are  as  plentiful  in  the  drift-covered  areas  as  elsewhere,  for  the 
number  of  boulders  they  have  furnished  to  the  drift  is  out  of  all  pro- 
portion to  the  known  exposures,  even  allowing  for  their  durability. 
Without  supposing,  however,  that  they  are  everywhere  as  numerous 
as  on  Mynydd  Llwydiarth,  it  is  not  improbable  that  they  averago 
as  many  as  ten  to  the  square  mile  in  Sheets  94  and  106,  which 
estimate  is  as  high  as  that  given  by  Necker  for  tiie  island  of  Arran 
(Geikie,  op.  cit,  p.  124j. 

Volcanic  activity  tlius  appcar.s  to  have  been  exerted  in  Tertiary 
times  not  only  in  North  but  in  certain  parts  also  of  South  Britain, 
and  this  serves  to  brin<:;  the  British  plienomena  perceptibly  nearer 
to  those  of  tlio  Continent.  And  if  the  phoiiolito  of  the  Wolf  Rock 
be,  as  would  seem  most  probable,  of  Tertiary  age,  yet  another 
link  is  added  to  carry  us,  in  Tertiary  timo,  across  the  tract  of 
quiescence  which  still  separates,  thou;^h  now  even  more  widely 
than  then,  the  volcanic  regions  of  Northern  from  those  of  Central 
and  Southern  Europe. 

IV.  —  On    some    Minou    Britisu    Eaktiiq(jakes    of    the    Years 

By  CiiAULUs  Davison,  kSu.D.,  B\G.S. 

[Concluded  from   the  March   yiimbt;)\  p.    Uo.) 

Cornwall  Earthqnnlce  :  Awj.  27,  lS9o. 

rplIlS  slight,  though  not  unint(»resting,  eartliquako  was  of  intensity 
X  '^y  aud  occurred  at  about  12.o0  p.m.  I  have  2U  records  from  1*9 
places,  and  negative  records  from  2  places. 

The  earthquake  is  chivfl}'  reniarkahlo  for  its  small,  but  elongated, 
disturbed  area  (Fig.  2),  wliiuli  is  G  miles  long,  nearly  2  miles  broad, 

^  Sonic  ba.sio  dykes  nrcjiitly  de-cribeil  from  tlu;  north  of  \\\{.\  island  do  not  appear 
to  belonj:  to  the  same  serieij.  (See  C.  A.  Matley,  Alistract  Proc.  Geol.  Soc.^ 
Jan.  10,  1900,  and  discussion.) 
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And  oontftiiifl  only  9  sqaare  miles.  The  direction  of  its  longer  axis 
it  K  5^  N.  and  W.  5''  S.  The  centre  of  the  area  is  ^  mUe  north 
of  Blisland. 

The  shook  was  felt  at  13  places.  The  sound  was  heard  at  all  of 
thflBOy  and  at  6  other  plaoes,  4  of  which  lie  ootside  the  disturbed 
area.  l%e  soand-area  overlaps  the  distnrbed  area  both  to  the  north 
and  sooth,  but  whether  towa^s  the  east  and  west  as  well  is  doubt* 
fal ;  for,  owing  to  the  scarcity  of  observations,  it  is  impossible  to 
tnoe  the  boundary  of  the  sound-area. 
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Fio.  2. — Cornwall  Earthquake  :  Aug.  27,  189.3. 

In  all  parts  of  the  disturbed  area,  the  shock  was  merely  a  slight 
tremor,  a  shaking  like  that  experienced  on  a  bridge  when  a  heavy 
Weight  is  passing  over  it.  At  Greenbarrow,  tlie  earthquake  was 
noticeable  first  as  a  low  rumbling  sound,  growing  louder  until  it 
resembled  an  explosion  of  gunpowder,  causing  a  slight  trembling  of 
the  floor  and  a  little  shaking  of  the  furniture  in  the  room. 

The  sound  is  described  in  15  records,  the  comparisons  being  to 
passing  trains,  etc.,  in  33  per  cent,  of  the  number,  to  thunder  (a  long 
low  peal  of  thunder)  in  47  per  cent.,  and  to  explosions  in  20  per 
cent.  The  beginning  of  the  sound  generally  coincided  with  that 
of  the  shock,  and  the  end  of  the  sound  either  coincided  with,  or 
followed  immediately,  the  end  of  the  shock.  The  epochs  of  maximum 
intensity  of  both  sound  and  shock  coincided,  as  is  the  rule  in  weak 
earthquakes.  Several  observers  noticed  a  change  in  the  character  of 
the  sound  at  the  time  when  it  was  loudest.  I'liis  is  shown  in  the 
record  from  Greenbarrow  quoted  above.  The  evidence  of  an  observer 
at  Tregaddick  is  also  worth  giving.  "The  sound,"  he  says,  "was 
like  that  of  an  artillery  waggon  being  trotted  up  to  the  house,  and, 
when  it  apparently  had  arrived  at  the  house,  there  was  a  noise  as  if 
two  large  stones  were  crunched  against  each  other." 

Origin  of  the  Earthquake. — The  only  element  of  the  originating 
fault  that  can  be  determined  is  its  average  direction,  which  is 
E.  5^  N.  and  W.  6°  S.    The  Geological  Survey  map  aViovj^xio  IwiW. 
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anywhere  near  the  distarbed  area.    Not  far  distant*  however,  the 
are  several  series  of  elvan  dykes  which  hare  almost  this  direoti 
The  broken  lines  on  the  map  represent  one  of  these  series,  and  if  om 
of  the  dykes,  especially  either  of  those  which  nearly  coincide 
the  southern  boundary  of  the  disturbed  area,  should  happen  to  rn 
along  a  fault  hading  towards  the  north,  it  would  satisfy  all  ih 
conditions  required  by  the  seismic  evidence. 

The  seismic  focus  must  have  been  about  4  miles  in  length, 
the  displacement  throughout  extremely  smalL     That  the  part  froi 
which  the  more  prominent  vibrations  came  was  a  narrow  band  i 
evident  from  the  small  breadth  of  the  disturbed  area.     The  extensio 
of  the  sound -area  on  both  sides  of  the  disturbed  area  shows,  I  thin 
that  the  sound-vibrations  came  from  the  lower,  as  well  as  from  th 
upper,  margin  of  the  focus ;  in  other  words,  that  the  displaceme 
died  out  downwards  as  well  as  upwards  and  laterally. 

Cornwall  JSarthquaJce  :  Jan.  26,  1896. 

The  earthquake  was  a  very  slight  one,  of  intensity  3  or  nearl  j 
4.    It  was  felt  at  6.50  a.m.     The  number  of  records  is  36  fro«  vi 
30  places,   in  addition  to  which  there  are  negative  records  frozu 
20  places. 

The  disturbed  area  is   12  miles  long  and  8f  miles  broad,  and 
contains  86  square  miles.     The  direction  of  the  longer  axis  is  esLSt 
and  west,  and  the  centre  of  the  area  lies  1^  miles  S.  42°  E.  of 
Launceston. 
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Fio.  3.— Cornwall  Earthquake :  Jan.  26,  1896. 

The  shock  was  felt  at  14  places.  At  all  of  these  the  sound  was 
heard,  as  well  as  at  10  places  where  the  shock  was  not  felt,  and 
at  6  others  where  no  mention  of  the  shock  is  made.  The  sound-area 
is  15  miles  long  and  10  miles  broad,  and  includes  124  square  miles. 
Its  longer  axis  is  directed  east  and  west,  and  is  thus  parallel  to  thai 


I 
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of  the  diatorbed  area.  The  oentre  is  1}  miles  S.  12''  E.  of  Launoeston, 
«uid,  as  will  be  seen  from  the  map  (iblg.  3),  the  sound-area  overlaps 
'Ue  disturbed  area  by  3  miles  towards  the  west  and  by  1^  miles 
towards  the  south. 

Very  few  observers  describe  the  shock.  It  was  clearly  a  mere 
toemor,  a  dull  shiver  according  to  one,  and  a  movement  such  as 
28  produced  in  a  building  by  a  heavy  peal  of  thunder  according 
^o  another. 

The  sound  was,  as  usual,  a  far  more  prominent  feature  of  the 
^ttrthquake.  Comparisons  to  well  -  known  sounds  are  made  in 
•20  cases,  in  27  per  cent  of  these  to  passing  waggons,  etc.,  in  57 
2)er  cent  to  thunder,  and  generally  distant  thunder,  and  in  17  per 
<3ent  to  explosions,  which  were,  however,  either  prolonged  or 
followed  by  a  rumbling  noise.  Thus,  the  sounds  must  in  all  parts 
liave  lasted  several  seconds. 

Origin  of  the  Earthquake. —  The  longer  axis  of  the  disturbed 
<curea  and  sound-area  agree  in  assigning  an  east  and  west  direction 
'So  the  originating  fault.  Its  hade  must  be  to  the  north,  for  the 
disturbed  area  is  overlapped  by  the  sound-area  towards  the  south. 
*The  fault-line  must  therefore  pass  a  short  distance  to  the  south  of 
'the  centre  of  the  disturbed  area,  possibly  not  very  far  from  Duntertou, 
Ijandue,  and  Lezant. 

The  horizontal  length  of  the  seismic  focus  must  have  been  about 

<^  miles,  but  the  extension  of  the  sound-area  towards  the  west  shows 

^bat  the  western  margin  of  the  focus  was  much  longer  than  the 

eastern  margin.     The  displacement  throughout  the  wliole  focus  was 

very  small,  and  not  much  greater  than  that  which  will  produce  the 

sensation  of  sound. 

In  this  case,  again,  the  Geological  Survey  map  provides  no  fault  in 
the  required  position  ;  but  the  early  date  of  the  survey  should 
be  borne  in  mind.  To  the  south  of  the  disturbed  area  there  are, 
however,  numerous  mineral  veins  and  elvan  dykes,  all  of  which  run 
east  and  west,  and  therefore  parallel  to  the  earthquake-fault.  If  the 
district  were  to  be  carefully  re-surveyed,  a  fault  would  no  doubt 
be  discovered  that  would  satisfy  all  the  seismic  conditions. 

Annandale  Earthquake:  May  29,  1896. 

The  disturbed  area  of  this  earthquake  occupies  a  more  populous 
part  of  Annandale  than  those  of  the  shocks  felt  on  March  8  and 
May  14,  1894.  The  number  of  records  which  1  possess,  is,  however, 
small,  only  15  from  14  places ;  but  there  are  several  other  places 
from  which  negative  records  have  come.  The  time  of  occurrence, 
as  determined  by  a  signalman  at  Castlemilk  station,  was  4.47  a.m. 

The  shock  was  distinctly  felt  at  7  places  which  lie  within  an 
area  roughly  circular  in  form  and  about  G  miles  in  diameter.  The 
centre  of  the  area  is  in  lat.  b^"^  6'  N.  and  long.  3°  17'  W.,  and  is 
equally  distant  (3  miles)  from  Lockerbie,  Ecclefechan,  and  Minsca. 
The  sound  alone  was  observed  at  several  places  outside  the  boundary  ; 
at  Graighouse  close  to  the  boundary  on  the  south-east  side,  Dormont 
1^  miles  to  the  south-west,  and  Gorsegreen  3  miles  to  the  w^%t« 
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Also  at  CasUeo'er,  6  milee  to  tlie  north-east,  the  sound  was  heard  hj 
two  persons,  and  a  faint  tremor  was  felt  by  one  of  them.  Probably 
all  of  these  observations  refer  to  the  earthquake. 

The  shook  lasted  about  3  seconds,  and  was  a  mere  quiver  of 
intensity  4  at  plaoes  close  to  the  boundary  above  mentioned,  which 
may  therefore  be  regarded  as  an  isoseismal  of  that  intensity.  Six 
observers  compare  the  sound  to  some  well-known  type — three 
to  distant  thunder  and  three  to  the  rumble  of  a  passing  cart  or 
waggon. 

On  the  Geological  Surve}'  map  of  the  district,  there  is  no  fault 
marked  anywhere  near  the  required  position.  If  the  earthquake 
were  due  to  a  fault-slip,  the  approximate  circularity  of  the  disturbed 
area  and  the  short  duration  of  the  shock  show  that  the  length  of  the 
seismic  focus  was  small. 

Glen  Nevi$  Earthquake :  June  5,  1896. 

A  slight  shock  was  felt  at  an  early  hour  in  the  morning,  being 
strongest  at  Aohreach.  No  mention  is  made  of  any  sound  accom- 
panying the  shock,  but  the  account  is  very  brief  {North  British 
Daily  Mail,  Glasgow,  June  6).  One  of  the  seismographs  at  the 
Low-level  Observatory  at  Fort  William  is  said  to  have  shown 
a  very  doubtful  indication  of  the  shock.  The  earthquake  may  have 
l>een  due  to  a  slip  of  the  Highland  fault,  but  there  is  no  proof 
whatever  of  such  an  origin.  If  there  were,  it  would  of  course 
furnish  another  indication  that  the  hade  of  the  fault  in  this  district 
is  to  the  south-east 

Rutland  Earthquake :  Jan.  28,  1898. 

A  slight  shock  of  intensity  3  was  felt  about  10.5  p.m.  over 
nearly  the  whole  of  Eutland  and  in  small  portions  of  the  adjoining 
counties  of  Lincoln,  Leicester,  and  Northampton.  I  have  received 
40  records  of  the  earthquake  from  26  places.  For  more  than 
half  of  these  accounts  1  am  indebted  to  Mr.  F.  Coventry,  of 
Duddington,  who  very  kindly  made  many  inquiries  and  distributed 
a  number  of  my  forms  in  different  parts  of  the  disturbed  area. 

In  the  map  of  the  earthquake  (Fig.  4),  the  boundary  of  the 
disturbed  area  is  represented  by  a  continuous  line  and  that  of 
the  sound -area  by  a  dotted  line.  Of  the  two  the  latter  is  probably 
tlie  more  accurately  drawn,  but  it  is  impossible  to  feel  much 
conficlence  in  either,  on  account  of  the  small  number  of  determining 
places  and  the  want  of  negative  records.  I  made  many  inquiries, 
however,  in  the  surrounding  district,  and  the  absence  of  replies  is 
prohably  equivalent  to  non-observance  of  the  shock  or  sound. 

I'he  disturbed  area,  as  mapped,  is  15  miles  long,  12^  miles  broad, 
and  contains  142  square  miles.  Its  longer  axis  is  directed  N.  27^  W. 
and  S.  27°  E.  Tlie  sound-area  overlaps  the  disturbed  area  by  about 
a  mile  towards  the  south  and  three-quarters  of  a  mile  towards  tiie 
cast;  its  linear  dimensions  being  16  miles  and  13|>  miles,  and  its 
area  165  square  miles.  The  centre  of  the  disturbed  area  is  IJ  miles 
E.N.G.  of  Oakham  and  coincides  nearly  with  the  village  of  Hurley. 
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Wherever  the  earthquake  was  observed  the  soond  was  a  far  more 
prominent  feature  than  the  shock.  The  movement,  when  felt,  was 
merely  a  faint  vibration  in  the  middle  of  the  rumbling  noise.  In 
a  f»n  places  it  made  glasses  and  crockery  jingle  slightly. 


w 


WtOuotM 


XJppLnqham. 
Scalt  of  Wll** 


"> 


*Exten. 

■  Oakham.  _ 

Trnpin^'harn.^ 

Kormar.ton.  /     W '   V 

Edith  Wtitan.       ^  '/     X 

_.,  •    l^.Lufftnkarrx,        ^t        , 

"*  "  <1  '„    V.  '/'^"^  ' 


) 


Cloit 


on.  A 


I 

"Martott  ._ 

■        Sarrcu/dMft,       P  Jjuadxnyttn. 


*  StataT\ 


Fio.  4.— Rutland  Earthquake:  Jan.  28,  1898. 

With    the   exception    of  one  village,   in   which    the  omission   is 

Probably  accidental,   the  sound   was   heard    at   every   place   wliere 

*lie  earthquake  was  observed.     Its  gradual  rise  and  fall  in  intensity 

'^e  perhaps  responsible  for  the  fre(juent  references  to  the  passing  of 

^  heavy  carrier's  van,  a  train  rushing  over  a  long  iron  bridge,  or 

iieavy    barrels    rolled    on    pavement    underneath    tlie    house.      The 

""^ound    is   also  compared    to  thunder  or  the   continued    tipping  of 

"^  cartload  of  bricks.     Every  one  of  the  ordinary  types  of  eartliquake 

^sonnd    is,    however,    employed,    reference    being   made   to    passing 

>vaggon8  in  40  per  cent,  of  the  records,  to  tiiunder  in  34  per  cent., 

>¥ind  in  3,  the  tipping  of  a  load  of  stones  in  11,  the  fall  of  a  heavy 

^>ody  in  3,  explosions  in  3,  and  to  miscellaneous  sounds  in  6  per  cent. 

*Tbe  average  duration  of  the  sound  appears  to  have  been  about  5 

'^>r  10  seconds;  that  it  was   not  inconsiilerablo  is  evident  from  the 

tfrequent  use  of  the  longer  types  of  comparison. 

Origin  of  the  Earthquake. — It  is  difficult  to  locate  the  originating 
^anlt  with  precision.  Its  general  direction  would  apjiear  to  be  about 
^.N.W.  and  S.S.E.  The  overlapping  of  the  sound-area  towards 
^he  east  indicates  that  the  fault  hades  to  the  west,  as  the  sound- 
"^^ibrations  in  the  protruding  part  would   come   c\uefl^  itoxa.  N\v^ 
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npper  margin  of  the  foous.  Thus,  the  ianlt-line  ihoald  tiayene 
the  distriot  between  the  centre  of  the  disturbed  area  and  its  eastern 
boundary. 

The  faults  of  the  district  have  been  mapped  by  Professor  Jadd 
and  described  in  his  well-known  memoir.^  The  more  important 
ones  have  a  W.  by  N.  and  E.  by  S.  direction,  with  throws  in  some 
places  of  not  less  than  150  feet  towards  the  north.  The  two  chief 
faults  are  the  Billesden  and   Loddington  fault  (traced  for  about 

7  miles)  and  the  Tinwell  and  Walton  fault  (about  14  miles  in 
length),  and  between  them  are  several  others  which  have  a  parallel 
direction.  Running  transversely  to  these  east  and  west  faults  are 
a  number  of  others  of  smaller  throw  and  with  a  general  north  and 
south  direction,  apparently  representing  cross  fractures.  A  group 
of  these  is  shown  in  the  south-east  comer  of  the  map ;  one  of  which, 
passing  by  Ketton  and  Duddington,  can  be  traced  for  a  distance  of 

8  miles.  Its  throw  seems  to  be  greatest  in  the  central  part  of  its 
course,  to  the  west  of  Colly  weston ;  near  Duddington  it  probably 
amounts  to  about  40  or  50  feet.  At  its  north  end  it  bends  round 
to  a  north-westerly  direction,  and  in  this  pai't  its  hade  is  evidently 
towards  the  west.  The  most  easterly  fault  of  the  group  runs  about 
N.N.W.  and  S.S.E. 

'*  That  the  faults  mapped  and  described  include  all  which  traverse 
the  area,*'  ProfeHsor  Judd  remarks,  "  is  by  no  means  probable. 
Over  considerable  areas  clays  of  enormous  thickness  prevail  without 
any  well-defined  hard  beds,  and  among  these  it  would  be  impossible 
to  detect  dislocations  while  running  the  geological  lines  ;  other  large 
areas  are  hopelessly  concealed  from  our  observation  by  thick  masses 
of  Boulder  Clay,  and  of  some  of  the  faults  actually  detected  it  is  not 
possible  to  trace  more  than  a  small  part  of  their  course,  owing  to  the 
same  causes.*'     (p.  259.) 

Postsibly  this  may  account  for  the  termination  on  the  map  of  the 
Ketton  and  Duddington  fault  towards  the  north,  just  after  it  crosses 
the  river  WaHli  and  enters  a  mass  of  Lincolnshire  Oolite.  If  the 
fault  does  not  really  end  at  this  point,  but  is  continued  roughly  in 
a  N.N.W.  direction,  it  would  satisfy  all  the  conditions  implied  by  the 
seismic  evidence.  Whether  it  be  to  a  slip  of  this  fault,  or  of  another 
transve^-se  fault  not  shown  on  the  Survey  map,  that  the  earthquake 
was  due,  it  is  clear  that  the  displacement  must  have  been  very  small 
to  produce  so  slight  a  shock.  The  horizontal  length  of  the  focus  may 
have  amounted  to  two  or  three  miles,  and  the  displacement  probably 
died  out  more  slowly  towanls  the  south,  giving  rise  to  a  broader 
lateral  margin,  and  thus  causing  the  sound-area  to  overlap  the 
disturbed  area  in  that  direction. 

Comrie  Earthquake:  Aug.  22,  1898. 

To  the  seismologist,  the  recent  Comrie  earthquakes  are  of  interest 
as  members  of  a  long  series  of  shocks  and  sounds,  now  perhaps* 
drawing  for  the  present  to  a  close.    To  the  geologist,  they  may  be  of 

1  "The  Geology  of  Butland'* :  Geol.  Surv.  Mem.,  1875,  pp.  256-259. 
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nine  fiom  the  eTidanoe  they  famish  wiih  regard  to  the  hade  of  the 
mt  fiuilt  whioh  forma  the  aoathem  bouadary  of  the  Highlands* 
Tht  stndy  of  a  alight  shock,  whioh  ooourred  on  Jnly  12, 1895,  led  to 
tb  infiuenoe  that^  in  the  neighboarhood  of  Comrie,  the  faalt  hades 
lo  iha  norih-weet ;  ^  and  the  still  feebler  shook  of  Aug.  22,  1898, 
aroliaa  additional  eyidenoe  in  iaTonr  of  this  oonclosion. 

Many  penons  in  the  Oomrie  district  seem  inclined  to  refer  the 
noNit  shofto  to  a  desire  to  keep  np  the  historic  repatation  of  the 
viDsge ;  and  the  exaggerated  reports  whioh  have  appeared  in  several 
sswspapera  certainly  offer  some  excuse  for  this  scepticism.  More- 
Ofsr,  the  weather  on  the  last  oocasion  was  warm  and  sultry,  the 
Mwnd-area  is  very  small,  and  it  is  therefore  natural  that  many,  who 
ill  not  hear,  or  only  just  heard,  the  sound,  should  regard  it  as  due 
to  a  peal  of  distant  thunder.  The  seismic  character  of  the  dis* 
Wbaooe  cannot,  however,  be  doubted  after  a  careful  study  of  all  the 
•fidenoe.  The  shock  itself  was  felt  by  several  persons  (by  two,  as 
•  Tortical  movement),  the  sound  was  evidently  of  underground 
origin,  and  other  observers  who  are  well  acquainted  with  the  tremors 
isd  earth-sounds  of  the  district  felt  no  hesitation  in  ascribing  the 
wud  to  that  of  an  earthquake  too  slight  to  be  felt  in  all  parts  of  the 
maaffiBoted. 

The  following  account  is  based  on  14  records  from  8  places,  and 
M  itatements  that,  at  12  other  places,  no  sign  of  the  earthquake  was 
penmved. 
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Fig.  5.— Comrie  Earthquake:  Aug.  22,  1898. 

•Hie  earthquake  occurred  at  about  7.15  a.m.  The  shock,  which 
^*8  of  intensity  3,  was  felt  only  at  Clathick,  by  three  or  four 
f^^ns,  and  possibly  by  one  person  on  the  adjoining  estate  of 
*^^eTB.  At  Clathick,  three  distinct  movements  upwards  and  down- 
.  ^^s  were  felt,  as  of  heavy  blows  struck  on  the  ground  immediately 
^^eath,  lasting  about  3  seconds.    The  sound  was  compared  by  four 

*  GioL.  Mao.,  Vol.  Ill,  1896,  pp.  76-79. 
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persons  to  distant  thunder,  and  by  one  each  to  a  cart  coming  up  the 
road,  to  coals  turned  out  of  a  cart,  and  to  a  distant  qnarry-blasL 

The  boundary  of  the  sound-area  is  represented  on  the  map  (Fig.  5) 
by  the  continuous  line ;  but,  on  account  of  the  small  number  of 
observations,  it  cannot  be  regarded  as  very  accurate,  especially  to 
the  east  of  Clathiok.  The  area,  as  drawn,  is  Sf  miles  long,  3  milso 
broad,  and  contains  9  square  miles.  Its  centre  is  one  mile  £.  27^  N. 
of  Comrie. 

Connection  with  the  Earthquake$  of  1894  and  1895. — The  epi- 
centres of  all  three  earthquakes  lie  on  the  noith-west  side  of  the 
great  fault,  whose  course  is  indicated  by  the  broken  lines  oa  the 
map.  The  dotted  line  represents  the  isoseismal  3  of  the  earthquake 
of  1895.  Ah  we  have  8een,  the  epicentre  of  the  1894  earthquake  was 
close  to  Comrie ;  in  1895,  the  epicentre  must  have  been  a  mile  or 
more  in  lengtli.  with  its  middle  point  a  quarter  of  a  mile  aonth-weet 
of  Comrie.  Tlius,  while  the  iirst  two  eartiiquakes  originated  in 
nearly  the  same  region  of  the  fault,  the  slip  which  caused  the  earth- 
quake of  1898  took  place  at  a  spot  about  a  mile  further  to  the  north- 
eaKt,  and  apparently  just  outside  the  focus  of  the  preceding  shock. 

As  the  epicenti*eB  must  lie  on  the  side  towards  which  the  fault 
hades,  the  three  earthquakes  agree  in  showing  that,  near  Comrie^ 
the  hade  is  to  the  north-west. 

Glen  Garry  Earihjmike :  Dec.  18,  1899. 

As  the  records  for  these  and  preceding  years  liave  shown,  slight 
earthquakes  are  not  uncommon  in  the  west  of  Inverness-shire,  in 
(jlen  Garry  and  tlio  tributary  glens,  but  none  seem  to  have  been 
felt  for  more  than  ^\q  years,  between  Sept.  18,  1894,  and  the  above 
date,  wlien  a  stronjjjer  hliock  than  usual  occurred.     It  was  felt  at 
about  G  r>0  a.m.  at  Glenquoioh,  Glenkingie,  Lochournhead,  Carnich, 
and  ev(Mi  as  far  as  Corran  (Arnisdale,  in  Glenelg),  but  the  limits  of 
the   disturbed    area   cannot   be   ascertained    owing    to    the   scanty" 
population  of  tlio  district.     On  the  south  side  of  Loch  Quoich  th^ 
intensity  of  the  shock  was  about  5.     At  Glenquoioh  a  sound  wafla> 
heard  likt^  distant  thunder,  getting  louder  till  the  house  trembled^- 
and  then  the  sound  died  away  as  if  a  carriage  had  passed  ;  the  soun 
lasted  fully  17  seconds.     In  a  neighbouring  part  of  the  glen,  th 
sound  was  compared  to  a  chimney  on  fire  and  afterwards  to  a  ve 
heavy  carriage  passing  over  an  iron  bridge,  and  at  Glenkingie  t 
a  flock  of  sheep  rusliing  over  hard  ground. 

For  the  notices  on  the  Glen  Garry  earthquakes  descrihed  in  thi 
]»nper  1  am  in<lel)ted  to  the  kindness  of  Mr.  I).  Grant,  of  Glenquoicb 
^Ir.  A.  iM.  G.  Foster,  of  Glenkingie,  and  Mr.  M.  Matheson,  o 
Ardochy,  three  very  caniful  ohservers,  who  for  many  ye.irs  hav 
paid  close  attention  to  the  subject.  The  value  of  tiieir  work 
hardly  bo  overestimated. 

Ihnhtfid  nnd  Spnriona  Earthquakes, 

MonmouthMre,    etc:    Jan.,    1898.  —  In    two    letters    in    Nairn 
(vol  xlvii,  1893,  pp.  247,  270),  Mr.  E.  J.  Lowe,  F.K.S.,  descri 
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a  161168  of  slight  shocks.  On  the  3rd  iiist.  he  wns  sitting  in 
a  railway  carriage  placed  in  siding  at  Severn  Junction  station. 
At  2.15^  p.m.  he  felt  a  sensible  upward  movement  of  the  seat  (as 
if  poshed  from  below)  and  saw  the  carriage  sway.  The  movement 
wiB  from  south  to  north,  i.e.  at  right  angles  to  the  railway,  and  was 
repeated  fonr  tiroes  in  about  six  seconds.  At  2.17  p.m.  there  were 
two  weaker  movements.  There  was  no  train  at  the  station,  and  the 
lir  was  calm.  Ice  in  the  neighbourhood  was  saiil  to  have  been 
cracked  at  the  time.  On  Jan.  4,  at  11  a.m.,  a  heavy  plnnt  stage  in 
a  greenhoose  at  Itton  Court,  near  Chepstow,  was  seen  by  two 
gentlemen  to  move  four  times.  On  Jan.  5,  between  2  and  3  (?)  p.m., 
and  again  on  the  6th  a  little  earlier,  a  rumbling  noise  was  heard  on 
tbe  Black  Mountains  near  Llanthony  Monastery.  On  Jan.  14, 
at  6.55  p.m.,  a  shock,  lasting  more  than  a  second,  was  felt  at 
(Jolesford  (in  Gloucestershire,  a  few  miles  from  Monmouth)  by 
a  gentleman  who  had  had  experience  of  earthquakes  in  Japan. 

Much  fuller  evidence  than  is  here  given  would  bo  required  t^> 

eRtablish  the  seismic  character  of  these  disturbances.    An  eavthquake- 

ihock  strong  enough  to  cause  a  sensible  upward  movement  like  that 

felt  on  Jan.  2  would  bo  noticed  over  an  area  of  many  square  miles, 

and  could  not  fail  to  have  attracted  the  attention  of  other  persons. 

The  rumbling  noises  near  Llanthcmy  may  have  been  <lue  to  other 

natural  or  to  artificial  causes.     It  is  clear  that  they  cannot  bo  placed 

I     in  the  same  category  as  the  Glen  Garry  earth-souml  of  Dec.  11, 

I     18Du,  or  the  Fort  William  earth-soiiiKl  of  Jan.  1)..   189.K     In  only 

I     one  case  were  there  tWD  observers,  and  they  were  in  the  same  house. 

'     I  think,  therefore,  that  the  evi<]ence  is  insnfficient  to  onahlo  ns  to 

ftpjard  them  as  other  than  donljtrul,  if  not  spurions.  earthquakes. 

hh  of  Man:  May  o-G,  IbD.'J. — A  number  of  shocks  were  felt  at 
nearly  regular  intervals  on  the  days  noticed,  but  there  can  ho  little, 
'f  any.  doubt  that  they  were  due  to  the  firing  of  heavy  giins  from 
H.M.S.  *•  Neptune"  (see  Nature,  vol.  Ix,  181)0,  ]).  loD). 

Comrie :  Feb.  27,   ISU-i. — Reports  of  an   earthquake  on  tliis  da}' 

appeared  in  several  daily  papers,  but  wore  at  once  eontia^lieted  in 

^he  two  journals  published  in  CrielV.     It  is  cerlain  tiiat  an  earth- 

*l\iake  felt  also,  as  alle*red,   at   Ardoch   and   Buchanty    (more  than 

and  10  miles,  respectively,  from  Comrie)  would  liave  been  widely 

^V)served.     The  weather,   moreover,  was  stormy,  and  several  peals 

^f  thunder  were  heard  at  the  time  at  Comrie. 

West  Cornwall:  May  29,  189(). — According  to  a  paragraph  in 
^Vie  Standard  for  the  following  day,  a  slight  earthquake-shock  was 
*V*lt  in  West  Cornwall  at  G.o5  a.m.,  and  men  on  their  way  to  work 
the  Camborne  Mines  felt  the  vibrations  distinctly.  I  made  many 
quiries  in  the  district,  but  none  of  my  correspondents  had  met 
ith,  or  heard  of,  any  observer  of  the  supposed  earthquake.  I  do 
^ot  think,  therefore,  that  any  reliance  can  be  placed  upon  the  report. 
Through  the  kindness  of  several  correspondents  J  have  received 
"■"eports  of  supposed  earth([uakcs,  but  as  I  have  been  unable  to  obtain 
corroborative  evidence,  1  have  confined  myself  to  noticing  those 
^bich  are  recorded  in  journals  that  future  seismo\og\ftVa  \Now\vi  W 
^'^ely  to  consolf. 
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Earth-Shakes  in  Mining  Districts^ 

Under  this  heading  are  inoluded  several  shocks  which,  it  u 
possible,  may  be  of  artificial  origin,  and,  if  so,  ought  to  be  regarded 
as  spurious  earthquakes.  Formerly,  I  should  have  so  considered 
them,  but  another  explanation  has  recently  occurred  to  me ;  and,  if 
it  be  correct,  it  will  be  evident  that  they  are  partly  artificial  and 
partly  natural  in  their  origin.  It  therefore  seems  desirable  to 
•consider  them  separately. 

Bhondda  Valley. — The  shocks  referred  to  are  frequently  felt  in 
the  Rhondda  Valley  in  Glamorganshire.  One  occurred  on  June  22, 
1889,^  and  there  have  been  at  least  three  others  within  the  period 
embraced  by  this  paper,  on  April  11  and  May  2,  1891,  and 
October  16,  1896.  Judging,  however,  from  the  expressions  need 
by  several  of  my  correspondents,  it  is  probable  that  these  are  the 
dates  of  only  the  more  important  movements. 

The  shock  which  occurred  on  April  11,  1894,  at  about  2.40  a.m., 
is  described  as  one  of  the  severest  recently  felt  in  the  district;  and 
making  every  allowance  for  exaggeration  in  the  accounts,^  there  oan 
be  no  doubt  as  to  its  intensity.  At  one  or  two  places  it  cannot  ha^ 
been  less  than  5,  that  is  to  say,  it  must  have  been  the  stroogeet 
shock  considered  in  this  paper.  Two  loud  reports,  like  those  of 
cannon,  were  heard  in  quick  succession,  and  at  the  same  moments, 
or  immediately  afterwards,  sharp  vibrations  were  felt.  They  seem  to 
have  been  almost  equally  distinct  underground,  for  in  several  pits 
the  miners  rushed  to  the  bottom  of  the  shaft,  thinking  that  a  violent 
explosion  had  occurred.  Notwithstanding  the  strength  of  the  shock, 
however,  the  disturbed  area  was  very  small.  So  far  as  I  have  been 
able  to  ascertain,  its  boundary  is  almost  exactly  circular,  about  5 
miles  in  diameter,  and  with  its  centre  J  mile  east  of  Forth. 

The  second  shock  took  place  about  noon  on  May  2,  1894,  and 
seems  to  have  originated  in  the  same  district.     At  the  surface  it 
must  have   been   much    slighter   than   the   preceding  shock;   bnt 
underground  it  produced  similar  effects,  miners  in  the  same  pits 
again  leaving  their  work  to  escape  from  what  appeared  to  be  an^ 
explosion. 

On  October  16,  1896,  the  district  affected  was  a  very  small  on9v 
not  more  than  a  mile  in  diameter,  including  Ystrad  -  y  -  fodw^  •> 
Pentre,  Ton,  and  Qelli.  At  about  11  p.m.  a  loud  boom,  like  th  ^ 
muffled  sound  of  blasting,  was  heard,  followed  by  a  brief  shakin| 
The  sensation  is  described  by  most  as  like  that  experienced  i 
a  room  immediately  beneath  another  in  which  a  heavy  article 
furniture  had  fallen.      Miners   at   work   rushed  from  one  pit 

»  Geol.  Mao.,  Vol.  VIII,  1891,  i).  371. 

-  Houses  arc  said  to  have  rocked  like  cradles,  etc.  **  Sir,"  said  Dr.  Johnso 
when  KoswoU  told  him  of  the  earthquake  of  Sept.  14,  1777,  "  it  will  be  mui 
eiapp^erated  in  public  talk :  for,  in  the  first  place,  the  common  people  do  n 
accurately  adapt  their  worda  to  their  thouj^ht :  they  do  not  mean  to  lie  :  but,  taki" 
no  pains  to  bo  exact,  they  pjive  you  very  false  accounts.  A  great  part  of  th 
lan^uap^e  is  proverbial.  If  anything  rocks  at  all,  they  say  it  rocks  like  a  «*< 
and  in  this  "way  they  go  on." 
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^mother,  tbinking  an  explosion  had  occurred.  One  informed  me 
"^liat  a  aevere  shaking  was  felt,  the  tools  sprang  from  the  floor  and 
%he  dnst  rose  in  clouds  off  the  bottom.  Indeed,  the  shock  seems  to 
liave  been  distinctly  stronger  underground  than  on  the  surface. 

KlUyih  :  Feb.  16,  1898.— Kilsyth  lies  in  the  valley  of  the  Kelvin, 

1 1  miles  N.E.  of  Glasgow,  and  the  same  distance  from  Falkirk  and 

Stirling.    The  supposed  earthquake  occurred  at  1.33  p.m.     It  was 

felt  and  heard  by  hundreds  of  people  in  the  town,  but,  though 

T  have  made  many  inquiries,  I  have  received  nothing  but  negative 

reoords  from  the  surrounding  country.     It  is  therefore  certain  that 

^he  area  affected  must  have  been  very  small.     All  the  accounts  from 

Kilsyth  are  in  agreement  as  to  the  nature  of  the  shock  and  sound. 

TThere   was  a  single   movement,   which    immediately   died  away, 

lasting  about  a  second ;  a  dull  heavy  thud,  as  if  some  heavy  article 

ftiad  fallen  on  the  ground  shaking  all  around.     It  was  strong  enough 

t^o  make  windows  and  crockery  rattle,  in  one  house  to  ring  bells, 

«uid  in  others  to  throw  down  crockery  from  the  shelves.    The  sound, 

^vrhicb  accompanied  the  shock,  is  said  to  have  resembled  the  tipping 

of  a  load  of  coals,  the  fall  of  some  heavy  body,  the  slamming  of 

M%  door,  etc.     Men  working  in  the  mines  below  were  so  alarmed  that 

'Chey  ran  to  the  bottom  of  the  shaft. 

Pendleton  {near  Manchester)  :  Feb,  27, 1899. — With  one  exception, 

H  am  indebted  for  all  the  records  which  I  possess  of  this  supposed 

•earthqaake  to  the  kindness  of  Mr.  Mark  Stirrup,  F.G.S.^     The  shock 

^was  felt  shortly  after  10  p.m.,  according  to  one  observer  at  exactly 

10.1  p.m.     The  places  at  which  the  shock  was  felt  are  all  within 

«  small  area,  approximately  circular  in  form,  and  about  4  or  5 

miles  in  diameter.     The  centre  of  the  area  is  about  J  mile  north 

<>f  Pendleton,  and  lies  a  short  distance  on  its  downthrow  side  from 

the  Irwell  Valley  fault.     Even  if  we  disregard  the  evidence  of  some 

observers  as  possibly  exaggerated,  there  can  be  no  doubt  that  the 

intensity  of  the  shock  was  not  less  than  4,  and  it  may  have  been 

Jis  great  as  5.      A  booming  sound,  like  that  of  a  gas  explosion, 

accompanied  the  shock.     In  the  Pendleton  Colliery  some  falls  of 

rock   took   place,   and   raised   a  cloud   of  dust   which    put    some 

workmen's  lamps  out. 

Origin  of  the  Earth- Shakes. — There  are  certain  features  which  are 
'Common  to  all  the  earth-shakes  here  considered,  and  which  dis- 
tinguish them  from  most  ordinary  earthquakes.     They  are  : — 

(1)  The  disturbed  area  is  small ;  in  the  strongest,  it  is  not  more 
than  about  5  miles  in  diameter. 

(2)  The  intensity  of  the  shock  is  very  great  for  so  small  an  area, 
and  dies  away  rapidly  from  the  centre  towards  the  boundary. 

From  these  facts,  we  conclude  that  the  depth  of  the  centre  of 
disturbance  is  very  small,  and  the  inference  is  siipported  by  the 
obviously  great  intensity  of  the  shocks  as  felt  in  mines.     Again  : 

(3)  The  shock  and  sound  are  of  very  short  duration.  The  brevity 
of  the  sound  is  strikingly  illustrated  by  the  type  of  comparison 

*  See  a  paper  by  Mr.  Stirrup  on  "  The  Earthquake  of  February  27th,  1899  "  ; 
Manchester  Geol.  Soc.  Trius.,  vol.  xxri,  1899,  pp.  174-178. 
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usually  employed  in  describing  it.  Taking  the  four  earth-shakes 
together,  we  find  that  6  per  cent,  of  the  sound  comparisons  are  to* 
thunder,  12  to  a  load  of  stones  falling,  35  to  the  fall  of  a  heavy  body, 
and'  47  to  explosions.  Now,  in  the  slightest  earthquakes,  suoh.  a» 
those  described  in  this  paper,  the  corretsponding  percentages  are  31 
to  passing  waggons,  etc.,  35  to  thunder,  3  to  wind,  8  to  a  load  of 
stones  falling,  5  to  the  fall  of  a  heavy  body,  14  to  explosions,  and  4 
to  miscellaneous  sounds.  But  it  is  only  in  isolated  earthquakes  that 
this  is  the  case.  The  earth-sounds  following  a  great  earthquake  or 
the  sounds  which  accompany  the  weakest  after-shocks  resemble 
those  caused  by  explosions  or  the  fall  of  a  heavy  weight.^ 

It  follows  from  tin's  that  the  centre  of  disturbance  must  have  been 
very  small  in  the  case  of  every  one  of  the  earth-shakes ;  and  this 
conclusion  is  confirmed  by  the  small  size  and  the  approximate 
circularity  of  the  disturbed  areas. 

These  two  conclusions  regarding  the  small  depth  and  size  of  the 
centre  of  disturbance  are  strongly  in  favour  of  a  local  origin  of  the 
shocks.  In  the  Kiioiulda  valleys  they  are  generally,  I  believe, 
attributed  to  rock-falls  in  old  mine-workings;  aud  this  is  no  doubt 
the  origin  of  some  of  the  shocks,  for  such  falls  from  the  roof  are 
known  to  occur  and  to  lead  to  a  subsidence  of  the  ground  above.  The 
chief  difilculty  in  accepting  this  explanation  for  the  recent  dis- 
turbances arises  from  tlio  absence,  so  far  as  known,  of  any  fallen 
masses.^  The  Kilsyth  earth-shako  was  referred  without  hesitation 
by  one  of  my  correspondents  to  a  blast  in  one  of  the  whinstone 
quarries  in  the  town ;  but,  as  another  points  out.  the  blasts  have 
occurred  daily  for  twelve  years  without  any  suggestion  of  an 
earthquake.  Others,  including  several  miners,  consider  that  the 
shock  was  caused  by  a  fall  of  rock  in  one  of  the  old  pit-workings 
by  which  the  ground  below  is  honeycombed.  The  shock  at 
Pendleton  is  apparently,  though  not  distinctly,  ascribed  by 
Mr.  Stirrup  to  a  slip  of  the  I r well  Valley  fault,  and  the  proximity 
of  the  fault  to  the  centre  of  disturbance  is  a  point  in  favour  of  this 
theory. 

But  this,  of  course,  is  not  a  peculiarity  of  the  Pendleton  coal-mines. 
The  beds  about  Kilsyth  are  cut  up  by  a  series  of  faults,  and  in 
the  Khondda  Valley  faults  pass  close  to  the  centres  of  the  disturbed 
areas  ot*  the  earlh-shiikes.  Perhaps  a  more  significant  fact  is  that 
the  coal-seams  are  generally  worked  right  up  to  the  fault.  This  is 
certainly  the  case,  as  Mr.  Stirrup  informs  me,  at  Pendleton,  and  it  is 
probably  so  at  Kilsyth  and  in  the  Khondda  valleys, 

Now,  by  the  withdrawal  of  the  coal,  the  rock  above  is  deprived  to 
a  great  extent  of  its  support,  and  tends  gradually  to  sink  down  and 
close  up  the  worked-out  seam.  Nowhere  can  this  tendency  be 
greater  than  where  the  rock  is  severed  by  a  fault  from  that  which 
adjoins  it.  Here  the  sinking  would  take  place  by  a  series  of  fault- 
slips,  each  of  which  might  give  rise  to  a  rather  strong  shock  on  the 
surface  of  the  ground  above.     But,  as  the  slip  would  only  affect 

1  Phil.  Mag.,  vol.  xlix,  1900,  p.  68. 

2  Natur.',  vol.  Ix,  1899,  p.  110. 
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k  001*11  regioQ  of  the  faalt-surfaoe  and  would  ooour  at  a  alight  depth, 
he  ioteusity  of  the  shock  would  rapidly  fade  away  from  the 
pioentre  ;  the  disturbed  area  would  therefore  be  small  and  circular 
a  form  ;  and  the  shock  and  sound  would  be  of  brief  duration,  and  in 
MUiy  ways  resembling  those  produced  by  the  fall  of  a  heavy  mass 
f  lock. 

If  this  is  a  correct  explanation  of  some  of  the  earth -shakes  which 
xsur  ill  mining  districts,  it  follows  that  such  cannot  be  classed 
ther  with  true  or  with  spurious  earthquakes.  They  are  of  natural 
rigin  in  so  far  as  they  are  produced  by  fault-slips,  but  artificial  in 
lat  the  slips  are  brought  about  by  human  labour  and  not  by  the 
.ow  and  gradual  cooling  of  the  earth. 


iTOTiGES  OF  :m:b]^j:oi:rs  ■ 

NoTS  ON  Belinurus  qrandjevus,^ 

"N  a  review  of  a  paper  by  Professor  T.  R  Jones  &  Dr.  Henry 
.  Woodward  on  Belinurn$  grandcBvtia,  a  new  species  of  Palaeozoic  ^ 
limuloid  Crustacean  from  the  '  £o-Garboniferous '  of  Eiversdale, 
i.S.y  it  is  stated  on  p.  208  of  this  journal  that  Belinurta  has 
ot  been  found  in  rocks  of  earlier  age  than  the  Coal-measures. 
a  Geikie*8  Text  Book  of  Geology,  however,  this  genus  is  mentioned 
I  oocurring  with  Pterygotus,  Bothrtolepis,  Coccosteus,  Pteriehthys, 
Hypiolepi$f  and  other  typical  Lower  Devonian  and  Silurian  forms 
I  the  Kiltorcan  Beds  of  Ireland.  Thus  the  inference  drawn  in  the 
inclusion  of  this  article  that  these  rocks  are  Carboniferous  does  not 
eem  to  be  sustained.  May  it  not,  on  tlie  other  hand,  be  assumed 
lat  "The  faunae  of  the  seas  of  the  Lower  Carboniferous,  Coal 
)rmation,  and  Permian  periods,  both  in  Europe  and  America, 
resent  so  great  similarities  that  they  may,  in  a  broad  view  of  the 
ubject,  be  regarded  as  identical ;  "  ^  while  for  '  Lower  Carboniferous,* 
kccording  to  correlations  of  the  fossils  from  these  strata  in  New 
Brunswick  and  Nova  Scotia  made  recently  by  Professor  Kidston 
.nd  Dr.  David  White,  as  recorded  by  Mr.  J.  F.  Whiteaves  in  his 
'  Address  on  the  Devonian  System  in  Canada,"  *  must  we  now  say 
Lower  Devonian  '  ?  R.  W.  E. 

I^  E  ^v^  I  E  "w  s. 

— Geological  Survey  of  Canada.  G.  M.  Dawson,  C.M.G., 
LL.D.,  F.R.S.,  Director.  Annual  Eeport  (New  Series),  Vol.  X. 
Reports  A,  F,  I,  J,  M,  S,  1897.  8vo  ;  with  plates  and  mai)s. 
(Ottawa :  Dawson,  1899.) 

rHE  present  volume,  like  its  predecessors,  contains  within  its 
pages  many  proofs  of  the  excellent  organization  as  well  as 
"®  enterprising  spirit  which  controls  and  animates  the  operations 
'^  all  branches  of  the   Survey,   and   testifies   once   again   to   the 

'  From  The  Ottawa  NaturnUst,  January,  1900,  vol.  viii.  No.  10,  p.  2')6. 

»  Geol.  Mao.,  September,  1899,  p.  388. 

'  Aeadian  Geology,  p.  283. 

*  Section  E,  American  Association,  Columbus,  Oliio,  A\ig\iBt,  1^9^. 
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wonderful  resourcefulneBs  and  the  soientifio  attainments  so  happily      "^ 
blended  in  the  Canadian  geologist 

The  Summaiy  Keport  (A)  by  the  Direotor,  Dr.  G.  M.  Dawson,  -« 
dated  January,  1898,  contains  a  brief  record  of  the  executive  and  ^ 
office  work  of  the  department  and  of  the  organization  and  main  ^ 
results  of  the  field-work  up  to  the  end  of  the  year  1897.  The  ^ 
reports  which  follow  have,  as  usual,  all  been  issued  separately,  prior  "~ 
to  the  completion  of  the  general  report 

The  Director  refers  especially  in  his  report  to  the  rich  discoveries  -  — 
of  placer  gold  on  the  Klondike  and  its  tributary  streams  in  the 
Yukon    District,   verifying    his    forecast  as  to    their   great  value 
published  in  1889.     More  detailed  geological  investigations  must    *- 
be  made  before  the  question  of  the  origin  of  the  gold  can  be  solved. 
A  prolonged  and  uninterrupted  wearing  down,  from  a  very  early      "" 
period  in  the  Tertiary,  of  rocks  containing  auriferous  veins  may, 
in  part,  account  for  the  great  quantities  of  residuary  gold  now 
contained  in  the  placers. 

The  operations  of  the  field  parties  (to  the  number  of  fifteen) 
embraced    the    following   widely   extended    regions,   viz.,   British     -^ 
Columbia    (2),    North- West    Territories,    boring    operations    (2),     -^ 
Ontario   (4),  Quebec  (1),  New  Brunswick   (1),  Nova  Sootia  (3),   -^ 
and  Hudson  Strait  (2). 

Experimental  borings  in  petroleum  -  bearing  rooks  were  under- 
taken in  Northern  Alberta  (N.W.  Territories)  with  results  whioh 
pointed  to  the  existence  of  an  oil-field  of  great  extent  in  that  region. 

Following  the  account  of  this  work,  which  is  given  in  much  detail, 
are  tlie  reports  of  the  officers  responsible  for  the  Museum,  Herbarium, 
and  Library  of  the  Survey. 

The  first  field  report  (F)  is  that  of  Mr.  W.  Mclnnes,  on  the 
geology  of  the  area  covered  by  the  Seine  River  and  Lake  Sheben- 
dowau  map-sheets,  comprising  portions  of  Rainy  River  and  Thundei 
Bay  Districts,  Ontario.  After  describing  the  physical  characters  oi 
the  region,  its  principal  rivers,  lakes,  waterfalls,  wild  animals, 
growth,  etc.,  the  author  deals  with  its  geology.  The  geological, 
formations  are  as  follows,  in  descending  order  : — 

Surface  deposits  of  glacial  and  lacustrine  origin. 

Animikie. 

Steep  Rock. 

Keewatin. 

Coutchiching. 

Laurentian. 

Tiie   most  widely  distributed   of  these   is  the   Laurentian,  which 
occupies  more  than  three-fourths  of  the  entire  area.    It  is  made  up  o 
granite-gneisses,  which  vary  in  composition  according  to  the  presen 
or  absence  of  hornblende,  and  in  the  distinctness  of  their  foliation. 
The   typical   rock   is  a   biotite-granite-gneiss   made   up  of  quartz, 
orthoclase,  plagioclaso,  and  biotite,  generally  distinctly  foliated  an 
banded  with  finer  and  coarser  layers.      The  non-foliated,  centra 
portion  merges  gradually,  at  varying  distances  from  the  edge  o 


RevievcB — Geological  Survey  of  Canada.  179 

lie  area,  into  well-marked  gneiss,  the  latter  evidently  a  phase  of 
Le  granite  produced  by  stress  and  incipient  flow.  The  prevailing 
spect  of  the  rocks  of  the  Coutchiohing  series  in  this  section  is  that 
f  stratiform,  fine  and  coarse  gneisses,  the  coarser  intrusive  through 
le  finer.  The  finer  gneiss  is  identical  with  the  Coutchiching  series 
r  Bainy  Lake  and  probably  represents  its  eastward  extension.  The 
eewatin  is  made  up  of  a  number  of  rock  types  varying  from 
ctremely  basic,  igneous  masses  and  their  derived  schists,  to  acid 
lartz-porphyries  and  the  schists  produced  by  their  shearing.  The 
;eep  Kock  Series,  occurring  about  Steep  Rock  Lake,  are  believed 
be  of  later  age  than  the  greater  mass  of  the  Keewatin  strata,  as 
ey  overlie  uncoufornmbly  tlie  rest  of  the  Archaean,  occupying 
position  below  the  Cambrian  and  above  the  great  bulk  of  the 
eewatin.  llie  Animikie  rocks,  which  occupy  a  limited  area  in 
e  south-eastern  corner  of  the  region,  overlie  unconformably  the 
rohaean  rocks  wherever  they  have  been  seen  in  contact  from 
leir  stratigraphical  relations  to  the  overlying  formations  further 
«t  on  Lake  Superior,  they  are  believed  to  represent  the  lower 
ids  of  the  Cambrian.  They  consist  of  black  and  green  slates  with 
ilcareous  and  cherty  bands. 

The   glacial   geology  and   economic  geology  of  the   region   are 

ascribed,  the  minerals  including  iron,  gold,  and  silver,  with  others 

insufficient  quantities  to  be  commercially  valuable. 

Report  I,  by   Mr.  A.   E.  Barlow,  deals   with   the   geology   and 

itural    resources   of    tlie    area   included    in    the    NipiKsiiig    and 

emiscarainoj  map-sheets,    comprising    portions    of  the    district    of 

ipissing,    Ontario,    and    the   county    of    Pontine,    Quebec.       It    is 

jcompfinieil   by  two   maps,   each   on  a  scale  of  four   miles  to  one 

oh.     The  area  represented    in    each   map    measures  seventy-two 

ilea    in    length    from    east  to    west,    and   forty-eight    miles    from 

3rth   to   south,  tlms  embracing  an  area  of  3,4oG  square  miles,  or 

combined    area  of  G,912  square    miles.     The    several    geological 

fstems  and  formations  represented  in  the  region  subjacent  to  the 

leistocene  superficial  deposits  are  as  follows,  in  descending  order : — 

p  (  Silurian  :  Xiajr-ira. 

1  AL.f-.ozoic.  J  ('ji,„bro. Silurian  :  Trenton  ;  Binlscye  and  Black  River. 

A  ..^-  S  Iluronian. 

'  **  \  Laurontian  :   r)iorite-j]:ncis.s  and  granito-gnoisg. 

The  Archaean  rocks  of  the  region  may  be  separated  into  two 
Teat  subdivisions,  that  of  the  so-called  Lower  Laurentian  and  the 
fiironian.  The  Laurentian  is  composed  of  a  series  of  massive  or 
'liistose.  and  usually  evenly  foliated,  crystalline  rocks,  the  latter 
"ing  commonly  referred  to  as  *  gneisses.'  The  latter  are  separable 
'to  two  divisions  according  to  the  prevalence  of  orthoclaso  or 
'agioclase  as  the  felspathic  constituent.  Of  the  two  types,  granite- 
^eiss  and  diorite-gneiss,  the  former  is  by  far  the  most  abundant, 
'^  often  passes  by  insensible  gradations  into  massive,  reddish 
*nite  in  which  little  or  no  trace  of  foliation  can  be  detected. 

The  Huronian  rocks  are  generally  clastic  in  composition,  appear- 
ed,  and  microscopic  structure,  in   marked   contrast  to  l\iO\i^  qI 
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the  Laurentian.     The  breccia  or  breccia-conglomerate  which  lies 
the  base  of  the  Hnronian  is  the  rock  referred  to  bj  Logan  ami 
Murray  as   '  slate-oonglomerate '   or  *  chloritio  slate-conglomerate.* 
It  is  composed  of  angular,  subangular,  or  rounded  fragments  of 
various  plutonic  rooks,  of  which  a  ooarso,  red  granite  is  the  most 
abundant.     Diabases  and   diorites  are    also  present.     Thronghont  -^ 
the  area  the  Huronian,  wliere  fully  represented,  is  separable  into  - 
three    distinct    subdivisionR,   which    are,   in    ascending    order,    ar 
follows:    (1)    Breccia  or  Breccia •  conglomerate,    (2)    Greywaoke 
shale  or  slate,  (3)  Felspathic  sandstone  or  quartsite. 

The  PalsQOzoic  rocks  contained  in  this  area  consist  of  ontlyini; 
patches  of  the  following  formations  :    (1)    Birdseye    and    Black 
River,  (2)  Lower  Trenton,  (3)  Niagara.     Some  excellent  illustrations — 
of  the  scenery  of  the  region  surveyed,  and  plates  of  niicrosoopio- 
sections,  accompany  this  voluminous  report,  to  which  two  appendices 
are  added,  the  first  consisting  of  tables  of  elevations  calculated  in 
feet  above  mean  tide  water  at  Quebec,  the  second  containing 
of  Cambro-Silurian  and  Silurian  fossils,  with  remarks  upon  them, 
drawn  up  by  Dr.  H.  M.  Ami. 

Report  J,  by  Mr.  R.  Chalmers,  is  on  the  surface  geology  and 
auriferous  deposits  of  South-Eastem  Quebec.  It  contains  the  result 
of  observations  made  during  the  seasons  of  1895,  1896,  and  1897. 
The  district  included  in  the  report  extends  from  Lake  Champlain 
and  the  Vermont  boundary  north-eastward  to  Montroagny  county, 
and  from  tlie  province  line  along  the  New  Hampshire  and  Main< 

border  north-westward  to  tlie  plain  of  the  St.  Lawrence.      A  general 

study  of  the  stiperficial  deposits  of  tlie  region  was  made,  with 
special  reference  to  the  auriferous  alluviums  of  the  *  Eastern 
Townships.'  To  carry  this  out  thoroupjhly  the  whole  of  the^^ 
St.  Lawrence  Valley  was  examined  in  some  detail,  the  glaciation^^= 
and  tlie  distribution  of  the  lioulder-clay  were  investigated,  and  th< 
origin  of  the  latter  and  ()f  other  superficial  deposits  traced  out. 
The  pre-Glacial,  decayed  rock  materials,  *  sedentary'  and  'trans- 
ported,' lying  beneath  the  Pleistocene  series,  were  also  studied  in 
the  gold-bearino;  districts,  as  it  is  chieljy  in  these  that  the  preciom 
metal  is  found  in  workable  ([uantities. 

(Jlold  was  first  discovered  'u\  South-Eistern  Quebec  cm  the  Gilbert 
River  about  the  year  182'>.     ■\Iuny  years  afterwards  (1860)  a  report 
by  an  expert  employed  by  Sir  W.  K.  Logan,  at  that  time  Directoi 
of  the  Geological  Survey  of  Canada,  was  drawn  up  relative  to  the^"^=^ 
distribution    of  sjold    in    the   gravels   and  clays   and  gold-bearinj 
quartz  veins  :  since  that  time  j^old-mininii;  has  gnne  on  intermittently 
and  with  varying  success  in  the  valleys  of  the  (Jilbert  and  Chaudi^rc 
rivers  and  other  parts  of  the  district  referred    to  in    the   report. 
Althou<;h  the  proM-hoarinjL:;  alluviums  of  Sotith-Eastern  Quebec 
been  worked  and  studied  for  more  than  half  a  century  by  geologists^ 
mining  en<;ineers,  and  oth»Ms,  yet  very  little  is  kuown  concerning 
the  true  source  of  tho  j!:oM.     Lo;:^an  and  Sterry  Hunt  regarded  iti** 
oriiriti  as  traceable  to  tho  materials  derived  from  the  disinteijratioi: 
of  tho  oldest  rocks  of  the  region,  viz.,  the  crystalline  schists  of  the 
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!l^otre  Dmme  BaDge,  belongiDg  for  the  most  part  to  the  Qaebeo 
d^roap.  Little  progress  has  been  made  ia  a  knowledge  of  its 
derivation  since  the  time  of  these  geologists,  as  praotioally  no 
quarts-mining  has  yet  been  carried  on.  The  author  finally  conclades 
that  "  the  primary  source  of  the  gold  of  the  '  Eastern  Townships ' 
■eema  to  be  the  crystalline  schists  of  pre-Cambrian  or  Huronian 
ag6b  which  were  invaded  by  diorites  and  other  intrusives  and 
yielded  material  to  the  basal  Cambrian  conglomerates,  and  were 
also  probably  traversed  by  quartz  veins.  In  the  removal  and 
transportation  of  sedimentary  material  by  drainage  watera,  what- 
ever gold  was  in  the  quartz  veins,  and  in  the  products  of  rock 
decay,  wonld  be  concentrated  in  channels  or  river-bottoms  in  the 
gravels  in  which  it  is  found  at  the  present  day." 

Dr.  L.  W.  Bailey's  Report  (M)  relates  to  the  mineral  resources 
of  the  Province  of  New  Brunswick.  Among  metallic  ores  are 
indnded  iron,  in  the  forms  of  hsBmatite,  magnetite,  etc. ;  copper, 
•8  native  copper,  and  various  sulphides ;  lead,  as  galena,  usually 
slightly  argentiferous  ;  zinc,  as  blende  ;  antimony ;  nickel  sulphide, 
bismuth  ;  and  gold.  To  these  are  added,  among  substances  afiPording 
Qombustible  products,  bituminous  coal,  anthracite,  cannelite,  albertite, 
petroleum,  and  peat  Among  materials  for  construction  are  granite, 
freestone,  slate,  limestone  and  marble,  gypsum,  clays  and  sands, 
besides  graphite,  salt,  infusorial  earth,  fireclay,  eta  Many  of  these 
aubstances,  especially  the  metallic  ores,  occur  only  in  small  amounts. 
The  geological  formations  represented  in  the  province  include  all 
the  divisions  of  the  geological  scale  from  the  earliest  Archaean 
to  the  Trias  ;  those  formations,  such  as  the  Laureutian,  Huronian, 
and  Cambrian,  which  elsewhere  usually  produce  metallic  ores,  and 
the  Carboniferous  formation  yielding  coal  and  related  products, 
occupy  the  largest  areas. 

Keterring  to  gold.  Dr.  Bailey  says  that  its  existence  in  profitable 
quantities  remains  to  be  proved,  and  that  this  can  only  be  done  by 
a  prolonged  an<l  systematic  prospecting  of  the  areas  in  which  it  is 
likely,  if  anywhere,  to  be  found.  The  question  of  the  occurrence 
of  coal  is  to  be  made  the  subject  of  a  special  report.  There  is  no 
dearth  of  materials  used  in  construction  and  of  deposits  of  gypsum, 
limestone,  clay,  sand,  and  probably  bog  manganese.  This  is  doubt- 
less a  valuable  report,  especially  from  the  economic  point  of  view  ; 
but  our  space  does  not  admit  of  more  than  this  bare  outline  of  its 
contents.  It  is  accompanied  by  a  map  of  the  province  on  a  scale 
of  10  miles  to  1  inch. 

Mr.  E.  D.  Ingall,  assisted  by  Messrs.  Denis  and  McLeish.  con- 
tributes his  annual  report  (S)  on  mineral  statistics  and  mines, 
thus  adding  to  the  steadily  increasing  classified  system  of  mining 
records.  Noting  some  features  of  progress  of  mineral  development 
in  the  country  as  a  whole,  Mr.  Ingall  says  the  grand  total  of  1897, 
as  compared  with  1896,  shows  an  increase  of  nearly  27  per  cent, 
and  as  compared  with  1895  of  over  30  per  cent.  This  is  almost 
altogether  due  to  the  metallic  minerals,  and  amongst  these  gold, 
silver,  copper,  and  lead  are  those  shovviug  the  most  matVLQ^  «k.^N«A\^> 
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doe  cbiefly  to  the  continued  expansion  of  the  mining  industries  oT 
British  Columbia,  that  province  dividing  the  honours  with  the- 
Yukon  District  in  the  matter  of  gold. 

With  this  voluminous  report  the  volume  concludes,  and  we  have 
only  now  to  congratulate  Dr.  Dawson  and  his  able  staff  on  the 
results  of  their  labours  as  set  forth  with  so  much  completeness  and 
wealth  of  detail.  Abthub  H.  Foord. 

11. — Contributions  to  Canadian  Paljeontologt.  Vol.  IV,  Part  1. 
A  Revision  of  the  Genera  and  Species  of  Canadian  Palsdosoic 
Corals.  The  Madreporaria  Perforata  and  the  Alcyonaria. 
(Geological  Survey  of  Canada.)  By  Lawbengk  M.  Lambs,  F.G.S. 
Pages  1-96,  plates  i-v.     (Ottawa,  1899.) 

AHEVISION  of  the  Palsdozoic  Corals  has  long  been  a  desideratum. 
Since  the  great  works  of  Milne-Edwards  and  Haime,  no 
comprehensive  treatise  has  been  produced,  though  the  labours  of 
De  Fromentel,  Lindstrom,  Duncan,  Hinde,  Koch,  and  others  in 
Europe,  and  Hall,  Billings,  and  Rominger  in  America,  and 
Nicholson  on  both  sides  of  the  Atlantic,  have  greatly  extended  our 
knowledge  of  many  groups.  It  need  scarcely  now  be  maintained 
that  to  Nicholson  science  is  deeply  indebted  for  the  initiation  of 
methods  of  study  in  this  complicated  group  of  organisms  whereby 
a  fuller  and  more  exact  comprehension  of  their  structure  has  l>een 
acquired  than  was  possible  to  the  earlier  workers  in  this  field  of 
study.  His  work  on  the  Palasozoic  Tabulate  Corals  laid  the 
foundation  upon  which  all  subsequent  investigators  have  built,  and 
the  fact  of  his  having  made  use  of  much  American  material  gives 
a  peculiar  value  to  his  writings  for  those  who  have  to  deal  with 
the  Palnjozoic  Corals  of  that  continent. 

In  the  work  before  us  the  genera  and  species  of  the  Canadian 
Palaeozoic  Corals  are  redescribed,  and  "it  is  attempted  to  show 
that  some  forms  hitherto  considered  of  little  value  as  regards  the 
determination  of  the  age  of  the  deposits  in  which  they  occur,  on 
account  of  their  wide  range  in  geological  time,  are  capable  of 
indicating  definite  horizons  through  the  possession  of  distinctive 
structural  peculiarities."  Thus,  as  Rominger  has  observed  ("  Fossil 
Corals  of  Michigan,"  187G),  Cambro  -  Silurian  (Ordovician)  and 
Silurian  species  of  Favositea  have  spiniform  septa,  while  those  of 
the  Devonian  have  squamulaB.  Again,  it  is  found  that  the  forms 
of  Ifahjsiies  of  different  geological  horizons  have  distinctive 
characteristics  which  are  apparently  constant  A  table  (at  p.  74) 
shows  the  distribution  in  time  (from  the  Niagara  to  the  Trenton), 
with  the  physical  characters — shape  of  corallites,  size  of  their  tubes, 
septAtion,  tabula?,  etc. — of  Haly sites  catenularia  and  six  varieties, 
illustrating  this  point. 

With   respect   to  distribution  in  time  Favosttes  Gothlandica   has 

a  very  wide  one  in  Canada.     It  is  recorded  as  occurring  at  many 

localities  in  the  Niagara,  Guelph,  and  Lower  Helderberg  formations, 

in  divisions  2,  3,  and  4  of  the  Anticosti  Group,  and  in  rocks  of 

supposed  Hudson   River  age  at  Stony  Mountain,  Manitoba.      Ita 
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regional  distribution  is  also  very  considerable :  it  extends  from  the 
ihores  of  the  Oulf  of  St.  Lawrenoe  to  the  Saskatchewan  Kiver. 
Another  species,  widely  distributed  in  time  and  space,  is  LyeUia 
affituB,  occurring  in  the  *^  Hudson  Biver  and  Niagara  formations, 
in  the  four  divisions  of  the  Anticosti  Group,  and  in  the  Lower 
Helderberg  Group,"  and  ranging  from  the  Island  of  Anticosti  to 
the  Saskatchewan  River. 

The  detailed  descriptions  of  the  species  and  their  mutual  relations, 
distribution,  and  synonymy  are  all  worked  out  by  the  author  with 
great  care,  and  he  seems  to  have  sounded  his  authorities  at  all  points. 

Though  in  respect  to  the  classification  of  the  PalsBozoic  corals 
we  are,  and  perhaps  shall  ever  be,  on  very  debatable  ground,  yet 
it  may  not  be  amiss  to  take  a  survey  of  our  present  position  in  the 
light  of  the  more  recent  attempts  made  in  this  direction.  Haeckel 
('*  Systematische  Phylogenie  der  Wirbellosen  Thiere  ")  includes  in 
his  class  Scyphopolypi  the  fossil  Cnidarians,  such  as  the  Favositidas, 
ChietetidsB,  Auloporidad,  HalysitidsD,  etc.,  which  built  the  coral  reefs 
of  the  Silurian,  Devonian,  and  Carboniferous  seas,  and  are  generally 
assigned  to  the  Tabulata.  Nicholson,  discarding  the  latter  group 
as  originally  constituted,  as  containing  an  incongruous  assemblage 
of  forms,  places  the  Favositidas,  Syringoporidas,  and  Thecidas  in  the 
Madreporaria  Perforata,  while  the  Helioporidae,  HeliolitidaB,  Haly- 
sitidao,  GhsBtetidao,  and  Auloporidse  are  referred  to  the  Aloyonaria 
(*•  Manual  of  Palaaontology,"  Nicholson  &  Lydekker,  vol.  i). 
Von  Zittel,  in  his  **  Grundziige  der  Palaeontolo^ie,"  while  aflSrming 
that  the  greater  number  of  the  typical  Tabulata  (Favositidaj, 
Syringoporidae,  Halysitidas)  show  close  relationship  to  the  Ilexa- 
corallia,  concludes  that  any  definite  decision  as  to  their  systematic 
position  seems  to  be  unattainable.  On  thisf^round,  though  retaining 
them  as  a  suborder  of  the  Madreporaria,  he  relegates  tliem  as  an 
appendix  to  the  Hexacorallia,  and  places  Heliolites  in  the  Octocorallia 
(Alcyonaria),  its  generally  accepted  position. 

The  uncertainty  regarding  the  zoological  status  of  the  various 
groups  enumerated  above  (excepting  perhaps  the  Heliolitidie)  is  not 
likely  to  be  dispelled,  unless  evidence  is  forthcoming  in  the  shape 
of  a  living  reef-building  coral  whose  affinities  with  the  fossil  reef- 
builders  of  the  favositoid  and  other  kindred  t^'pes  will  satisfy  the 
most  searching  investigation.  Even  the  remarkable  discovery  by 
Mr.  J.  J.  Quelch  ^  of  a  living  coral  (Moseleya)  of  Cyathophylloid 
affinities  does  not  seem  to  have  carried  with  it  evidence  of  such 
a  convincing  character  as  to  shake  the  position  of  the  Rugosa 
(or  Tetracorallia)  as  a  distinct  group. 

Much   light   is  thrown  upon   the  structure  and  affinities  of  the 

HeliolitidaB  in  a  recent  and  valuable  contribution  to  the  subject  by 

Professor   Lindstrom    (Kong.    Svenska   Vetenskaps-Akad.    Handl., 

Bd.  xxxii,  No.  1).     It  is  noticeable  that  the  genus  LyeUia^  M.-E.  & 

H.,   is    rejected    by   Lindstrom    on   account    of    its    similarity   to 

Propora,  M.-E.  &  H. 

»  Ann.  Mag.  Nat.  Hist.,  vol.  xiii  (1884),  p.  293  ;  **  Challeufrer  "  Reports,  toI.  xri 
(1886),  p.  110  ;  see  aUo  Nicholson,  in  '*  Manual  of  ralacontolog^,''  l^\Q\vo\aQ\i  k 
Lydekker,  toI.  i  (1889;,  p.  274. 
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In  the  present  work  the  author's  suppression  of  certain  species 

is,  we  trust,  done  with  sufficient  justification.    It  is  a  proceedings 

which  should  be  carried  out  with  the  utmost  caution,   because, 

however  inconvenient    a    multitude    of   species    may   be    to  the 

systematist,  their  presence  is  a  lesser  evil  than  that  which  vsm 

result  from  the  loss  of  information  respecting  the  mutations  whicn 

groups  of  individuals  uudergo,  and  which  are  best  recorded  and 

stereotyped  under  a  specific  or  varietal  name.     The  disadvantage 

of  burying  such  records,  so  to  speak,  is  of  course  very  much  lessened 

when    there  is    abundance  of   material    at  the    disposal    of    the 

paliBontologist,  in  which  case  transition   forms  may  be  found  to 

bridge  over  the  gaps  and  to  unite  what  had  before  been  mistaken 

for  independent  forms.     The  following  genera  are  included  in  thu 

Revision : — 

FaTosites.  Syring^liteB.  HdioUtat. 

Alveolites.  Komingeria.  Plasmopon. 

Cccnites.  Fletcheria.  Lyellia. 

Cladopora.  Nyctopora.  Lyopoia. 

Michelinia.  Syringopora.  Protarea. 

Striatopora.  Cannapora.  Stylarea. 

Trach)'pora.  Halysites.  Tctradinm. 
Calap(Bcia. 

The  illustrations  are  few,  and  though  excellent,  considering  tl 
mode  of  reproduction  adopted,  are  more  suitable  for  the  text  than 
for   plates.     The  details,  doubtless  most  faithfully  rendered  in  th< 
original  drawings,  are  in  some  instances  reproduced  on  too  small 
a  scale  to  give  satisfactory  results.     Moreover,  we  miss  represen- 
tations of  the  entire  corallum.  which  is  inserted  only  in  one  instan< 
(pi.  v,  fig.  4,  ^  nat.  size).      Apertures  of  corallites,    sketched  ii 
outline,  with  the  tubular  parts  from  which  they  proceed  orail 
have  a  strange  and  unnatural  appearance  (plates  i  and  iii). 

We  cannot  commend  the  practice  adopted  by  the  author  ol 
employing  two  terms  of  measurement — one  for  the  corallum,  ii 
inches  ;  the  other  for  the  individual  corallites,  in  millimetres. 

Tliis  work  will  be  of  especial  value  to  students  of  the  Palaeozoics:^ 
corals   of  North   America,  while  other  palaeontologists  may  lean 
much  that   is   interesting   respecting  variations  in  structure,  botl 
external    and    internal,    so    minutely    and   carefully  recorded    hi 
Mr.  Lambe  from  the  rich  material  at  his  command. 

Abthur  H.  Foord. 


Geologtoal  Sociktt  of  London. 

February   16th,   1900.— W.  Whitaker,  B.A.,  F.RS.,  President,  ii 

the  Chair. 
Annual    General   Meeting. 

The  Secretary  read  the  reports  of  the  Council  and  of  the  Library — '^ 
and  Museuni  Committee  for  the  year  1899.      In   the   former   th< 
Council  referred  to  the  continued  increase  in  the  number  of  Fellow^-- 
and  iho  steadily  maintained  financial  prosperity  of  the  Society. 
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During  1699  the  Dumber  of  Fellows  elected  was  62  (ezaotly  the 
same  number  as  in  1898) :  of  these  45  qualified  before  the  end  of 
the  year,  making,  with  11  previously  elected  Fellows,  a  total 
aooession  of  56  in  the  oourse  of  the  twelve  months  under  review. 
Duriog  the  same  period,  the  losses  by  death,  resignation,  and 
removal  amounte<l  to  51,  the  actual  increase  in  the  number  of 
Fellows  being  therefore  5. 

The  total  number  of  Fellows,  Foreign  Members,  and  Foreign 
Correspondents,  which  on  December  31st,  1898,  was  1,336,  stood 
at  1,344  by  the  end  of  1899. 

The  balance -sheet  for  the  year  1899  showed  receipts  to  the 
amount  of  £3,991  14s.  4d.  (including  a  balance  of  £1,076  Os.  %d. 
brought  forward  from  the  previous  year),  and  an  expenditure  of 
£3,029  14s.  6c{.  (omitting  the  sum  of  £541  6s.  Od.  invested  in  India 
3  per  oent.  Stock).  Among  the  items  of  non-recurring  expenditure 
were  £200  contributed  by  the  Society,  at  the  request  of  U.M.  Office' 
of  Works,  towards  the  cost  of  the  improved  lavatory  accommodation 
at  the  Society's  apartments ;  and  £73  16s.  5d.  expended  in  the 
publication  of  vol.  iii  of  Button's  "  Theory  of  the  Earth."  The 
balance  remaining  available  for  the  current  year  is  £420  13«.  lOd^. 

The  Council  announced  that  it  was  proposed  to  complete  the 
extension  of  the  electric  lighting  to  the  whole  of  the  Society's 
apartments  at  an  estimated  cost  of  £250,  and  the  Fellows  were 
requested  to  sanction  this  expenditure. 

The  bequest  made  by  Sir  Joseph  Prestwich  of  the  sum  of  £800 
had  now  become  pajniblo  to  the  Society,  owing  to  the  lamented 
death  of  Lady  Prestwicli.  An  extract  from  Sir  Joseph's  will  was 
read,  citing  the  purposes  to  which  this  sum  is  applicable,  but  it  was 
pointed  out  that,  in  common  with  other  lej^acies,  that  to  the  Society 
will  have  to  be  to  some  extent  abated  and  moreover  will  have  to 
bear  its  own  legacy  duty. 

Reference  was  made  to  the  issue  of  the  third  volume  of  Hutton's 
"Theory  of  the  Earth,"  and  gratitude  was  expressed  lor  the  minute 
and  reverent  care  with  which  the  work  had  been  edited  and 
annotated  by  Sir  Archibald  Geikie. 

The  completion  ot*  vol.  Iv  and  the  commencement  of  vol.  Ivi  of 
the  Society's  Quarterly  Journal  was  mentioned,  and  it  was  stated 
that  the  Council  had  decided  to  discontinue,  for  the  present,  the 
issue  of  index-slips. 

In  conclusion,  the  awards  of  the  various  Medals  and  proceeds  of 
donation  funds  in  the  gift  of  the  Council  were  announced. 

The  report  of  the  Library  and  Museum  Committee  enumerated 
the  increasingly  extensive  additions  made  to  the  Society's  Library, 
and  announced  the  completion  by  Mr.  C.  Davies  Slierborn  of  the 
work  of  labelling  and  registering  the  type,  and  other  important 
specimens  in  the  Museum. 

After  the  reports  had  been  read,  the  President  invited  those  to 
speak  who  wislied  to  make  any  comment  on  the  management  of  the 
Society.  Dr.  G.  J.  Hinde  said  that  owing  to  the  action  of  the 
Council  in  rejecting  a  motion  which  he  had  made  lo  Vl,  ''  NXi^X.  «w\i 
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invitation  be  extended  to  Miss  Elles  to  be  present  at  the  Annual 
General  Meeting  to  receive  the  award  which  has  been  made  to  her 
by  the  Council/'  he  had,  as  a  protest,  resigned  his  position  on  the 
Council  and  withdrawn  his  nomination  to  the  new  Council,  then 
being  elected.  He  contended  that  the  giving  of  the  Medals  and 
Awards  was  not  an  official  part  of  the  business  of  the  Annual 
Meeting,  and  that  in  refusing  to  invite  a  recipient  of  an  honour 
to  be  present  to  receive  it,  solely  on  the  ground  of  sex,  the  Council 
had  acted  against  the  custom  of  the  Society. 

Tho  reports  having  been  adopted,  tbe  President  handed  the 
"WoUaston  Medal,  awarded  to  Professor  G.  K.  Gilbert,  F.M.O.S., 
of  Washington,  to  Mr.  Henry  White,  Secretary  of  the  American 
Embassy',  tor  transmission  to  the  recipient,  addressing  him  as 
follows: — Mr.  White, — 

For  many  years  Professor  Gilbert  has  contributed  to  several  American  publications 
papers  ot  a  most  varied  kind,  some?  dealing  with  important  subjects  appertaining  to 
the  Geolog^y  of  the  United  Statics  and  some  ^ith  matters  of  still  wider  interest. 

The  »am«;  may  be  said  of  his  sories  of  reports,  etc.,  to  the  Geological  Surrey  of 
the  ITnitfl  States,  beginning  with  the  well-known  "Geology  of  the  Henir 
Mountain^/*  in  which  tlio  volcanic  structure  known  as  a  laccolite  was  tint  dtiscribed, 
and  a  masterlv  summary  of  the  principles  of  erosion  was  given.  The  Essay  on  the 
Top()graphi(-al  Features  of  l^ike-shuros,  descTiptive  of  the  work  of  waves,  of  streams, 
and  (»t  ice,  ot  the  fi)rmation  of  deltas,  of  cliffs,  and  of  terraces,  naturally  led  up  to 
the  great  monograph  on  Lake  Bonneville,  the  tracing  out  of  a  former  feature-* 
whereoi  tin?  pnsi'ut  Great  Salt  Lake  is  the  diminished  representative,  written  in  such 
a  war  as  to  make  one  almost  feel  that  the  old  lake  is  there  still. 

Xor  has  J*r<)fe^sor  Gilbert  neglected  those  more  practical  matters  thai  press 
them^elv^s  »)U  ortieei-s  of  a  Geological  Survey,  for  he  has  written  also  on  the  Under- 
ground Water  ot  the  Arkansas  Valley;  but  the  lake  fev«?r  keeps  with  him,  and  has 
letl  him  to  take  up  the  (pipstiou  of  n-ceut  earth -movements  in  the  region  of  the 
Great  Lnkis.  cin  which  we  iiad  an  elaborate  essay  in  1898,  leading  to  the  conclusion 
that  cliMiijrr  is  still  going  on,  and  pointing  out  the  results  that  will  occur  if  it 
eontinue«;. 

We  feel  that  Piofrssor  Gilbert  i-*  an  honour  to  the  Survey  of  which  he  has  Ion 
been   an   dtHetT,    and   a   worthy  sucetssor    of   his    countrymen,   James    ELall    an 
J.  D.  Dana,  as  our  WoUaston  .Nledallist,  for  his  work  is  u(»t  only  American,  but  for 
the  world  at   arge. 

Mr.  White  replied  in  the  following  words  : — Mr.  President, — 

It  hu'i  ^iv«.'U  nie  ;rreat  ple;jsure.  Sir,  to  attend  this  int^'restin;;  meeting  to-day,  and 
to  rei'i'ivr  mi  ]>i'liuif  of  my  lellow-e<)untryman,  Prolef>s»»r  Gilbert,  the  WoUaston 
Medal  which  has  hcc  ii  awarded  to  him  by  th(!  C-ouudl  of  this  Society  for  importan 
researches  ('..nc,MniTijr  the  niiiural  structure  of  the  e irth — au  honour  which,  as  you 
liav(f  ju«t  pojutrd  out.  has  hitherto  bt.eu  ecmferred  upon  two  other  Americans  only, 
the  late  James  JLill  jind  tlie  late  J.  \).  Dana. 

Particularly  gratifying  has  it  bit-n  to  me,  as  I  am  sure  it  will  be  to  all  who  know 
Professor  Gilbrrt,  to  hear,  from  the  statement  which  you  have  just  read,  how  highly 
Ium  work  is  api»reeiatefl  by  the  Geological  Society  of  London.  He  deeply  regrets 
that  it  should  not  have  been  possibh^  for  him,  owing  t^)  engagements  of  a  preNdn|^ 
uatunj  at  home,  to  come  here  to-day  and  to  receive  this  Medal  himself,  but  I  shaU 
not  tail  to  intorm  him  of  the  very  kind  manner  iu  which  its  presentation  has  been 
made,  and  of  the  applause  which  hits  greeted  each  mention  of  his  name  at  this 
mectiu*:. 

1  beg  to  tliank  the  C<»uncil  of  this  Society  most  sincerely,  on  Professor  Gilbert'* 
l>ehalf,  for  tin-  honour  which  has  been  conferred  upon  him,  an  honour  which  he 
highly  ai)pi(;ei:ites,  as  does  the  United  States  Geological  Survey,  of  whose  staff 
he  has  been  a  di>tinguished  member  since  its  foundation  in  1878. 

Perhaps  I  may  be  jwrmitted,  as  one  who  has  been  closely  connected  for  many  years 
past  with  the  dij>loniatic  relations  between  the  United  States  and  Great  Britain,  to 
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add  that  I  always  welcome  with  especial  pleasure  occasions  of  this  kind,  on  which 
marks  of  appreciation  are  conferred  by  scientific  Societies  of  one  country  upon 
eminent  men  of  the  other,  as  they  not  only  tend  to  draw  more  closely  together  the 
people  of  Great  Britain  and  America,  but  t^cy  demonstrate  to  the  rest  of  the  world 
that  the  two  nations  are  working  together  for  the  furtherance  of  science,  and 
eonaequently  for  the  adrancement  of  civilization. 

The  President  then  banded  the  Murchison  Medal,  awarded  to 
Baron  Adolf  Erik  Nordenskioid,  of  Stockholm,  to  His  Excellency, 
Gonnt  Carl  Lewenhaupt,  Minister  for  Sweden  and  Norway,  for 
transmission  to  the  recipient,  addressing  him  as  follows : — Your 
Excellency, — 

fiaron  Nordenskioid  has  given  much  of  his  time  to  the  arduous  work  of  Arctic 
exploration,  having  visited  Spitsbergen  twice,  the  first  time  in  1858,  with  Tore)). 
Again,  in  1868  he  organized  and  started  auotlivr  Arctic  expedition,  and  in  IHli 
he  discovered  the  great  masses  of  native  iron  of  Ovifak,  originally  described  to  our 
Society  as  meteorites,  and  also  brought  home  a  large  collection  of  fossil  phiiits.  fn»m 
which  we  learnt  much  as  to  the  long-past  climatic  conditions  of  the  Arctic  ro;;i<)U8. 

In  1875  he  went  up  the  Yenisei  from  the  Kara  Sea;  three  vears  lat«T  he  first 
doubled  the  northernmost  point  ot  the  Old  World,  and  reached  Japan  in  the  latter 
part  of  1879,  making  what  is  known  us  the  North-£ast  Passage. 

In  1883  he  undertook  a  second  voyage  into  the  interior  of  Greenland,  adding 
largely  thereby  to  our  knowledge  of  its  glacial  conditions. 

Among  the  records  of  these  expeditious,  his  book  entitled  **The  Voyage  of  the 
Fi^fl,"  which  has  been  translated  into  English,  and  from  which  we  derive  much 
mformation  as  to  inland  ice,  glaciers,  and  icebergs,  and  his  work  on  **  The  Second 
Swedish  Expedition  to  Greenland,**  are  notable. 

Wo  have  also  to  thank  him  for  giving  uh  an  English  version  of  some  of  his  work, 
chielly  in  the  pages  of  the  Geolooical  Magazine,  in  vol.  ix  of  which  is  a  set  of  papers 
on  tile  Expedition  to  Greenland  in  IhTO,  while  in  vol.  ii  ol  deeado  ii  we  find  the 
Lecture  on  the  FornitT  Climate  oi  the  I'nlar  Keiri<»ns,  and  in  vol.  iii  a  set  ot  pa[)ers 
on  the  Geolo^ry  ol  part  ol  J^[>it.sb(.•r;,^•u  and  a  di.scourse  on  the  di-^tant  Transport  oi 
Voleanic  l)u<t. 

Both  a.s  an  observer  and  as  an  oriranizer  of  cxiieditions  oi"  <lis('overv  has  llarun 
Nordenskioid  earned  our  ^j^ratitudi-,  of  whicli  this  Murchison  Medal  is  a  .•'i;:n. 

llis  Excellency  replied  in  the  loUowing  wonls  : —Mr.  President, — 

Ou  brhall  of  iJaron  Nordenskioid,  I  hc;^  to  e.vpruss  his  deep  ;,^ralitU'.h'  tor  the 
great  distinction  coulern.-d  upon  hitii  by  tlie  Council  of  tluj  rj«  olo;,'ical  8o.it;ty. 
1  shall  not  tail  to  transmit  the  M'tlal  at  once,  but  I  may  perhaps  b.;  allowed  to 
mention  that  1  have  been  asked  to  present  the  acronijjanyin}^'  elieijue  as  a  tlonation 
from  liar(m  Xordeuskiold  to  the  British  Antarctic  Fund.  Jt  js  a  i^-reat  pleasure  tor 
Baron  Nordenskioid  to  have  this  opportunity  of  proving  his  i^ood  wisiics  it>r  the 
bucee-'i  of  this  expedition. 

The  President  then  presented  the  Lyell  Medal  to  ]\Ir.  John 
Edward  Marr,  lMi.8.,  addressing  him  as  follows  : — Mr.  !Marr, — 

From  1876  onwards  \<ui  have  contributed  fourteen  paj)ers  to  our  Journal,  most  of 
them  ou  the  Geoloirv  of  the  Lake  District  and  its  borders,  but  two  bein;;  on  Welsh 
and  two  ou  European  j^eolcjxv.  Of  tlu;se  one  may  >j)ecially  note  those  cm  the 
pre-l>evonian  Rocks  of  Jlohemia,  on  tluj  Stockdale  bhales  !done  in  coujunctif)n  with 
our  lamented  fritud  NichoKon;.  on  the  Shap  Granite  and  its  Associated  Rocks  (dou<* 
with  Mr.  Marker),  and  ou  Limestone-knolls. 

Thes<'  papers  that  you  have  };iven  us  are  enou<;:h  to  prove  your  power  as  au 
observer  and  a  reasouer  both  in  the  lield  and  at  lumie  ;  but  vou  have  also  contributed 
much  to  the  Geological  Maoazinp:,  often  in  ass«)ciation  with  other  workers,  an<l 
I  may  remark  that  the  treijuent  coupliup;  of  your  name  with  other  names  siiows  how 
your  aid  is  valued  and  how  well  you  can  work  with  others.  Nor  is  this  all ;  other 
journals  have  been  enriched  by  your  pen,  and  you  have  added  the  following  books  to 
the  literature  of  (retdoj^^y :  "'The-  Classitication  of  the  (.'ambrian  and  Silurian 
Rocks,*'  *'The  Principles  of  Stratigraphical  Geology,"  and  *' The  Scieutvtvvi  ^Uvvi\ 
of  Scenery.*' 


188      Beporta  and  Pioceediuga — Geological  Society  oflA>ndom. 

Undoubtedly  your  long  continuous  serrice  on  the  Council  (from  1885  to  1899)  has 
alone  hindered  um  from  thus  acknowledging  the  value  of  your  work  until  now. 

The  award  of  the  LyeU  Medal  mav  bring  an  additional  pleasure  to  you  in  that  it 
has  been  given  to  IS'lcboIsoUf  with  wfiom  you  have  so  often  worked,  anid  to  Hughes, 
'whom  you  have  so  greatly  assisted  in  the  teaching  of  gcologv  at  Cambridge. 

We  are  pruud  to  add  your  name  to  the  list  of  Lyell  Medallists. 

Mr.  Marr,  in  reply,  said : — Mr.  President,— 

In  thanking  the  Council  for  the  very  gratifying  and  unexpected  honour  which  they 
have  conferred  uiK)n  me,  I  feel  that'  they  must  have  been  intluenced  in  their  choioe 
by  personal  ccmsiderutions,  as  I  have  been  so  long  among  them.  The  Founder  of 
the  Medal  stated  tliat  the  recipient  must  have  **  deserved  well  of  the  science,"  which 
iu  tho  present  cu^o  could  only  be  so  in  that  1  have  tried  to  do  my  best ;  I  will 
eudeavour.  however,  by  working  in  the  future,  to  **  justify  the  honour.** 

You  have  mentioned,  Sir,  original  work  and  teaching  as  qualiticationa.  As 
regards  original  work.  I  have  been  singularly  fortunate  iu  the  co-o|>oration  of  tho 
late  1'rolt'S.sor  Nicholson,  and  iu  that  •)£  Mr.  Ilarkcr  and  Mr.  Garwood.  As 
u  tcMiclier,  1  am  glad  to  see  two  of  my  old  pupils  receiviug  awards  on  this  occasion, 
as  it  shows  how  happy  I  am  iu  tlie  nature  of  my  classes.  But  I  feel  that  the 
teacher*s  iutluence  must  cunnt  for  something,  and  I  know  it  by  experience,  as  a  pupil 
of  the  Woo<lwardian  rrofL'ss<»r.  I  am  glad  to  take  the  present  occasion  to  bear 
testimony  to  Professor  liugheh*s  guidance  of  his  pupils*  work — a  guidance  by  no 
means  exercised  solely  in  the  lecture -room. 

As  one  who  was  brought  up  in  Lyellism,  and  am  still  being  brought  up  in  it,  I  am 
unaffeetedly  glad  that  the  Lyell  Minlal  has  been  awarded  to  me.  1  do  not  use  the  term 
Lyellisni  iu  a  narrow  sense,  as  a  erystiUized  set  of  tenets,  which  will  ever  retain  tho 
form  in  which  they  weni  h^ft  at  tliu  Founder's  death.  I  regard  it  rather  as 
posses.«.iug  vitality,  and  as  evttr  growing  and  spreading  its  seed,  like  a  goodly  tree. 

In  conclusion,  while  thanking  you.  Sir,  for  the  kind  words  which  you  have  used  in 
presenting  the  Medal,  I  lieg  to  call  your  attention  to  the  fact  that  it  is  25  years sinoe 
vou  have  shown  me  vour  tirst  kindness,  and  that  kindness  has  continued  ever  since, 
i  am  espi.'cially  glad  to  receive  the  Medal  from  your  hands. 

In  presenting  the  biilmice  of  the  proceeds  of  the  Wollaston  Donation 
Fund  to  Mr.  George  Thiirland  Prior,  M.A.,  of  the  Natural  History 
JMuseuiii,  the  President  addressed  him  as  follows: — Mr.  Prior, — 

In  the  cdiirse  of  the  hi^t  thirteen  years  you  have  eontributjHl  a  number  of  jrapera 
to  the  Mineraloi^ieal  Society,  either  ahuie  or  in  conjunction  with  other  observers,  in 
whifh  you  liave  described  niim  nils  Ironi  various  parts  ot  the  world.  In  the  ease, 
indiM-d,  lit  one  ot  tlie  late  iiutr.hers  ot"  the  Mim-rido^ifical  Ma;^aziue,  there  would  be 
littli'  htt  Were  tho  ti\e  jiapers  wholly  or  ]);irtly  writtt^n  by  you  tJiken  out.  In  throe 
c.'ises  vou  have  (hnie  us  tlu?  service  ot  sh(»win{r  that  certain  minerals  had  been 
4-hri.^ti  lU'd  more  tlian  <inci-.  You  have,  moreover,  strayed  fnmi  the  path  of  pure 
Miinralo^iv  into  the  ways  ot  I'etrolo;j;y,  and  have  always  Ix'en  ready  to  let  geologists 
havi-  the  advanla;,^'  of  tli.it  valualde  (irlp  which  your  po^ition  in  the  >i*atural  llisitory 
-Mun-uiu  tuuhlrs  \ou  to  j;;ive  them. 

W«'  art;  jrlad  to  tiiid  that  our  ;,neat  National  Museum  continues  to  keep  to  the  front 
in  Mineral.  jLiy,  an<l  that  we  may  look  forward  to  the  (ontiuuance  ol  able  observers 
anjoiii;  its  oilicials.     The  Wolla'stou  Fund  is  most  fittin«:ly  awarded  to  tliis  end. 

Mr.  i^rior  replied  in  the  following  words:  — Mr.  President, — 

1  wi-^h  if)  expn-.v,  my  htarlli h  thanks  to  the  Council  for  the  honour  which  they 
]ia\e  d<me  me  in  i;onterrin«j  thin  award.  That  it  should  l)e  connected  with  the  name 
ot  Wollaston  i>  to  nie  an  additional  pleasure,  ^ince  my  work  has  been  maiuly  of 
a  cliHinical  and  uiineralo;:ical  character. 

Mineralo«i:ist.s  are  pr-rhjips  ratlur  apt  to  pay  too  little  attt^ntion  to  the  modes 
<■!  occurience  and  mutual  associations  ot  the 'minerals  that  they  study.  To  try 
in  future  to  make  my  nHneral(i;ry  more  geological  in  its  character.'l  feel,  will  be  the 
best  way  tor  nie  to  sliow  my  hi^rh  appreci;ition  ot  this  generous  rect>gnitiou  from  the 
i.ouni  iJ  and  ot  the  kind  \%ords  with  which  you,  Sir,  have  accompanied  it. 

The  President  then  handed  the  halance  of  the  proceeds  of  the 
Murch'isun  Geological  Fund,  awarded  to  Mr.  A.  Vaughan  Jeuuiugs, 
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F.L.S.y  to  Professor  J.  W.  Jadd,  C.B.,  LL.D.,  F.R.S.,  for  transmission 
to  the  reoipient,  addressing  him  as  follows : — Professor  Judd, — 

Mr.  Yaofchan  Jennings  has  done  much  work  in  Physical  Geology  and  in  Petrology, 
flipeciallT  in  tho  papers  which  ho  haA  gi^en  us  on  the  country  around  DaTos  in 
Switzerland,  and  he  has  done  this  despite  long  and  serious  illness.  Driven  abroad  by 
that  illness,  he  has  used  the  opi>ortunitv  thus  afforded  to  investigate  the  geological 
struirtiirt  of  the  district  in  which  he  nas  had  to  live  and  to  unravel  the  geological 
history  of  the  great  valley  of  the  Engadin. 

We  hope  that  this  award  may  not  only  show  him  that  his  work,  done  under  such 
diaadvantace,  is  appreciated  by  us,  but  may  also  cheer  him  in  time  of  trouble  and 
enooonge  nim  to  continue  his' labours. 

Professor  Judd,  in  reply,  said  : — Mr.  President, — 

I  wish  to  express*  my  great  regret  that  the  state  of  Mr.  Vaughan  Jennings's  health 
and  the  illnesa  of  a  near  relative  prevent  him  from  being  present  to  receive  the  award 
in  person,  and  therefore  beg  to  read  the  following  woxds  of  acknowledgment  of  the 
honour  done  to  him : — 

*'  In  endeavouring  to  express  my  thanks  to  the  Council  of  the  Geological  Society 
for  the  honour  which  they  have  conferred  u]K)n  mc,  I  feel  that  my  remarks  must  be 
of  an  apologetic  character.  Though  much  of  my  time  for  muriy  yean  has  been 
devoted  to  geological  matters,  my  contributions  to'  original  rpJH'urch  in  that  science 
have  been  tar  lens  than  I  wished  and  hoped. 

**  The  reason^K)r,  perha[)rt,  I  should  say,  the  excuse — lor  this,  lies  in  an 
unfortunate  interest  in  the  sister  fM'iences  of  Zoulog\'  and  Botany,  and  in  the  tact  that 
most  of  my  time  has  been  devoted  to  teaching.  While  most  of  the  Fellows  of  this 
Society  doubtless  recognize,  in  theory,  the  value  of  un  C(]ual  study  of  the  three 
branches  of  Natural  Histor)',  it  must  be  difficult  for  many  to  realize  the  difficulty  of 
putting  the  theorv  into  practice,  and  the  limitation  which  such  an  attempt  must 
impose^  on  one's  efforts  to  do  special  work  in  any  particular  branch. 

**Thc  consciousness  that  1  li;»v«>  bt-cn  led  astray  into  tlio  nia/rs  of  Invcrti-hrate 
Anatomy  and  th«!  devious  jjaths  of  Cryptojj^amic  liotany,  makes  uw-  ivv\  still  more 
jjrateful  that  i;t'<)h»;ri-ts  have  re<'oi;;ni/.(.'(i  some  sli^^ht  value  in  my  rontrihutious  to  «)ur 
knowlrdjre  of  the  earth. 

'*  My  lirst  attempt  in  Alpine  jr^-oloo-y  is  almo-^t  certainly  my  l:i>t  ;  hut  the  ('ounci! 
may  rest  assured  that  thrir  kind  nco^nitifm  <»t  my  rft'orts  will  (iuouiMp-  un*  to  work, 
a-*  fon;r  a<  I  am  ahle,  for  the'  a(lvane«in«'nt  of  our  <<irnee  in  what«'\(r  wav  is  p(i>.-il»h-. 
That  1  have  Uin  rapahle  of  accomplishing^  anythini;  in  thi**  dinction  i>  chittiv  thu'to 
my  !!.tu<l«-ntsliip  at  the  Rf>yal  Collect;  of  IScieiic**,  and  to  the  kindly  help  (if  those 
conn<-cted  with  that  institution. 

*'  Perhaps  I  may  be  allowe<l  to  oxpres>  also  my  "rreat  rr^ret  that,  l»y  aecident  (as 
I  was  travL'llinj(  during;  tlie  tinal  n^vision),  no  acknowh'd'^-nunt  was  niadt!  in  mv  Ia«»t 
pap»T  of  the  kind  and  const,'int  a><*ii>tiiuce  vouehsated  to  m<'  by  ]'rofes>i<»r  lionnev 
duriup:  the  profrress  of  the  work." 

In  handing  the  balance  of  the  proceeds  of  the  Lyell  Geological 
Fnnd,  awarded  to  Miss  Gertrude  L.  Elles,  of  Newnhain  College,  to 
Professor  T.  McKenny  Iliighos,  F.R.S.,  for  transmission  to  the 
recipient,  the  President  addressed  him  in  the  following  words  : — 
Professor  Hughes, — 

.Mt'T  some  BtratiLTapliieal  work  in  the  TiSike  District  and  in  Xorth  Wales,  done 
with  Miss  E.  M.  R.  Wo(»d.  Miss  Ello>  jj^ave  special  attention  to  the  (Jraptolito.  and 
we  have  had  from  her  a  naner  on  the  suhirenera  Ptfali.Kjnipdis  and  Ctphtihxiraptu^^ 
adding  much  to  our  knowledjri^  of  tht;  characters  and  ranyfo  ot  those  Inssils,  followed 
l»y  the  still  more  important  paper  on  tlu«  (/rai)tolite  fauna  of  tlie  Skiddaw  Slal<  s,  in 
which,  aft<?r  a  mass  of  descriptive  details,  the  phylogeuy  of  tin-  group  is  treated  of  at 
w>m«^  lengtli. 

Tliis  has  bcH^n  followed  by  a  pajKT,  as  yet  unpubli>hed,  in  whi(  li  her  knowledir*'  of 
the  (jrniptolites  is  applied  to  the  zonal  classification  of  tli(»  Wonloek  Shales  of  the 
Wel>.h  iJorderland.  NVe  hope  tliat  this  award  from  the  L\ell  (ieolov:i,.ai  Fund  will 
kIiow  her  that  her  work  is  valued  and  will  encourage  her  to  couUuwo  "\X. 
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Professor  Hagbes  replied  as  follows : — Mr.  President, — 

I  am  ^lad  to  have  been  asked  to  receive  the  award  from  the  Lyell  Fond  for 
transmission  to  Miss  EUes,  who  is  debarred  by  circumstances  over  which  she  had  no 
<>ontrol  from  standing:  here  to  receive  for  herself  this  mark  of  recognition  which  the 
Council  of  the  Society  have  bestowed  upon  her. 

The  research  bv  which  she  has  won  for  herself  a  prominent  place  among  geologists 
might  seem  of  fimitcd  scope  to  all  but  a  few  who  know  the  difficulty  and  the 
importance  of  the  group  of  organisms  to  which  she  has  chiefly  devoted  her  attention. 

I  am  much  pleased,  therefore,  to  be  here  to-day  to  testify' that  Miss  EUes.  who  is 
Assistant  Demonstrator  in  my  Department  at  Cambridge,  lias  shown  herself  to  be 
a  clear-sighted  strabgraphist  and  an  astute  paleontologist  over  a  much  wider  field 
than  might  appear  from  the  mention  of  the  work  for  which  tliis  award  has  been 
iiinde,  and  that  she  is,  besides,  accomplished  in  other  and  altogether  different 
branches  of  culture. 

Miss  Elles  has  asked  me  to  communicate  her  thanks  in  the  following  terms : — 

*'  Please  convey  to  the  Council  of  the  Geological  Society  my  warmest  thanks  for 
the  great  honour  which  they  have  so  unexpectedly  conferred  in  awarding  to  me  the 
Lycll  Fund  for  this  vear. 

^*  I  have  been  able  to  do  so  little  as  yet,  that  I  am  bound  to  regard  it  as  an 
incentive  to  futun>  work,  rather  than  as  a  reward  for  anA'thing  accomplished.  I  can 
4)uly  add,  that  I  will  strive  my  very  utmost  to  make  the  work  which  I  may  do  in  the 
future  worthy  of  the  confidence  which  such  an  award  seems  to  imply." 

The  President  then  handed  to  Mr.  George  C.  Crick,  A.K.S.M., 
of  the  Natural  History  Museum,  a  moiety  of  the  proceeds  of  the 
B.irlow-Janieson  Fund,  addressinji^  him  as  follows  : — Mr.  Crick, — 

In  the  course  of  the  lust  ten  years  you  have  made  yourself  an  authority  on  Fossil 
(V^phalopoda,  and  have  (■(mtributud  several  papers  on  various  branches  of  this  subject 
to  the  Gkolooical  Magazine  and  other  I'ournals,  aniong  which  one  may  note,  as  of 
hij^h  «^(?noral  iutenist,  vour  long  and  well  illustrated  essay  on  the  muscular  attachment 
4»t  tliL"  animal  to  the  shi*ll,  published  in  the  Transactions  of  the  Linuean  Society  in 
1S98:  ]i  subi<H't  whirh  had  escaped  the  attention  of  palieontologist^i  until  you  drew 
ntti'Tition  to  it. 

Your  ofHrial  work  at  the  Natural  History  ^luseum  has  included  the  making  of  the 
List  of  Tyiies  and  Fi«rurrd  Spooimons  of  Fossil  Cephalopoda  and  the  preparation  of 
vol.  iii  (in  rouj unction  with  Dr.  A.  II.  Foord)  of  the  Catalogue  of  Fossil 
CcphalopcKla  in  that  Museum,  and  you  have  kept  up  the  high  character  of  that 
public  cstablishnieut  for  n  luliiicss  to  impart  information  to  the  inquiring  geologist. 

IMr.  Crick  replied  in  the  following  words  : — Mr.  President, — 

r  big  to  express  my  sincere  thanks  to  the  Council  of  the  Geological  Society  for  the 
jrnat  and  unexpected  hon«>ur  that  they  have  conferred  upon  me :  and  to  you.  Sir,  for 
the  kind  words  with  which  you  have  accompanied  the  award.  Considering  the  many 
privile^^'es  that  pertain  to  niv  otticial  connection  with  the  British  Museum,  the  amount 
of  work  which  has  bcxm  «Ione  by  me  is  comparatively  so  small  that  I  regard  the 
award  as  an  encouragement  to  continue  my  worK,  rather  than  as  a  recognition  of  that 
aln  ady  accomplished. 

In  preseiitinj;  to  Professor  Theodore  Thomas  Groom,  M.A.,  D.Sc., 
the  other  moiety  of  the  proceeds  of  the  Barlow- Jameson  Fund,  the 
President  addressed  him  as  follows  : — Professor  Groom, — 

Whih?  at  Cambridire  you  gave  us  two  papers  on  palicontological  and  petroh>gical 
sul)je(ts,  and  since  then  we  have  had  from  you,  together  with  Mr.  Lake,  a  paper  on 
the  Lhindovery  Rock**  ot  (\)rwen.  in  wliich  spiH'ial  reference  is  made  to  the  structure 
of  tlie  district.  Carrying  out  this  line  of  resean-h,  vou  have  contributed  two 
elaborat<'  papers  on  the  Geol(»gical  Structure  of  the  Mafverns,  one  of  which  is  but 
lat'ly  ])ublis]ie(l ;  and  in  these  you  have  shown  your  knowledge  of  some  of  the  latest 
in(  tliods  of  stratigrapliical  n*«'arch,  and  your  power  of  applying  them  to  the 
elucidation  of  imj)ortant  problems  in  a  somewhat  ditlicult  distnct.  I  trust  that  this 
nwurd  niny  he  an  encouragement  to  you  to  continue  your  good  work. 
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Professor  Groom  replied  in  the  following  words : — Mr.  President, — 

The  sdentific  iiiTestigator  has  many  and  varied  sources  of  pleasure :  amonjj:  the 
^rreatest  of  these  must  be  reckoned  tne  sympathies  of  his  fellow-workers,  and  the 
appreciation  of  his  efforts  by  those  best  qualified  to  judge.  It  is  therefore  with 
peculiar  satisfaction  that  I  understand  from  your  kind  words,  and  from  the  honour 
which  the  Council  of  the  Geological  Society  have  conferred  upon  roe,  that  my  work 
has  met  with  approval. 

The  President  then  proceeded  to  read  his  Anniversary  Address,  in 
which  he  first  gave  obituftry  notices  of  several  Foreign  Members, 
Foreign  Correspondents,  and  Fellows  deceased  since  the  last  annual 
meeting,  including  Professor  R  W.  Bunsen  (elected  F.M.  in  1856), 
Professor  H.  B.  Geinitz  (F.M.  in  1857),  Dr.  Franz  Ritter  von 
Hauer  (F.M.  in  1871),  Charles  Brongniart  (F.C.  in  1888),  Professor 
Louis  Lartet  (F.C.  in  1882),  Sir  J.  W.  Diiwson  (elected  a  Fellow  in 
1854).  G.  Dowker  (el.  1864),  Sir  William  Flower  (el.  1866),  Sir 
Douglas  Galton  (el.  1848),  T.  M.  Hall  (el.  1865),  Dr.  H.  Hicks 
(el.  1871),  Sir  Frederick  McCoy  (el.  1852),  J.  B.Redman  (el.  1882), 
and  John  Ruskin  (el.  1840).  He  also  gave  obituary  notices  of  Major 
Liambart  Brickenden,  formerly  for  many  years  a  Fellow  of  the 
Society,  and  of  Lady  Prestwich. 

He  then  referred  to  the  great  advance  in  Geological  Science  in 
his  own  time,  an  advance  that  consisted  largely  of  the  arising  of 
new  lines  of  work  and  not  merely  of  progress  in  old  ones ;  thus 
Petrology  was  a  new  branch  of  the  science.  Paloeontology  had 
been  aflfected  by  the  growth  of  the  Theory  of  Evolution.  In 
Physical  Geology  such  subjects  as  nietamorphism,  mountain- 
structure,  and  erosion  had  entered  into  new  phases.  In  Strati- 
graphy the  geological  series  had  been  extended  downward  below 
the  Cambrian,  and  at  the  other  end  of  the  scale  our  knowledjre 
of  the  Drift  had  greatly  developed,  largely  owing  ])robably  to 
geological  discoveries  connected  with  the  Antiquity  of  Man. 

He  then  treated  of  the  advance  in  our  knowledge  of  Underground 
Geology,  especially  in  the  South-East  of  England,  a  subject  in  which 
comparatively  little  was  known  45  years  ago  ;  and  he  described  in 
some  detail  the  underground  extension  and  tliickness  of  various 
formations,  particularly  of  those  below  the  Chalk,  under  the  heads 
Upper  Greensand,  Gault,  Lower  Greensand,  Wealden  and  Purbeck, 
Jurassic,  Lias  and  Trias,  and  Older  Rocks  ;  referring  to  the  amount 
of  knowledge  which  we  possess  in  the  London  Basin,  and  its 
*40uthern  border  in  the  Wealden  district,  as  compared  with  the 
Hampshire  Basin. 

He  concluded  that,  as  in  the  past  such  great  progress  had  been 
made,  so  in  the  future  would  progress  continue,  with  the  development 
of  new  ideas  and  fresh  methods  of  work,  so  that  our  younger 
geologists  would  have  plenty  of  work  before  them. 

The  ballot  for  the  Council  and  Officers  was  taken,  and  tlie  folI«)\vin«j:  were  declared 
<lulv  elected  for  the  eusuiniT  year:  —  Council:  W.  T.  Blantord,  LL.D.,  F.ll.S. ;  I'rofessor 
T.  *G.  Bonnev,  D.Sc,  LL.D.,  F.K.S. ;  Sir  Jolin  Evans,  K.(MJ.,  D.C.L.,  LL.D., 
F.R.S.  :  ¥..  J.  Garwood,  Esq.,  M.A.  :  Alfred  Ifarker.  Esq.,  M.A. :  F.  W.  Hamier, 
Ym\.;  R.  S.  Herries,  Esq.,  M.A.  :  IN'v.  E.lwin  Hill,  M.A.  ;  William  Hill,  Esq.  ; 
Professor  J.  W.  Judd,  O.H.,  liL.D.,  F.  1{.S. ;  Lieut. -General  C.  A.  McMalvow, 
F.K.S. ;   H.  W.  Monckton,  Esq.,  F.L.H.;   E.  T.  Newton,  Es(\.,  F.Yl.^. ',  Vi.T. 
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Prior,  E«q^M.A. ;  F.  W.  Rudler,  Esq. ;  Profeflsor  H.  G.  Seeley,  P.R.S.,  P.L.8  — 
Professor  W.  J.  SolUw,  M.A..  D.Sc.,  LL.D.,  F.R.S.;  J.  J.  H.  Teell,  E«i.,  M.^^ 

F.R.S. ;   Professor  W.  W^Watts,  M.A.;   W.  Whitaker,  Em.,  B.A.,  F.R.S 

Re?.   H.   H.   Winwood,   M.A. ;    A.  S.  Woodward,  Esq.,   F.L.S. ;    and  H. 
Woodward,  Esq.,  F.R.S. 

Officers:— Pratidenti  J.  J.  H.  Teall,  Esq.,  M.A.,  F.R.S.  Vice-PrfidmUm^ 
Professor  J.  W.  Judd,  C.B.,  LL.D.,  F.R.S.;  H.  W.  Monckton,  Esq.,  F.L.S- 
Professor  H.  G.  Seeley,  F.R.S.,  F.L.S. ;  and  Professor  W.  J.  Sollas,  M.A.,  D.Se  - 
LL.D.,  F.R.S.  Secretaries:  R.  S.  Henries,  Esq.,  M.A.,  and  Professor  W.  W". 
Watts,  M.A.  Foreign  Secretary  :  Sir  John  Evans,  K.C.B.,  D.C.L.,  LL.D.,  F.R.8., 
F.L.S.     Treanitrer:  W.  T.  Blanford,  LL.D.,  F.R.S. 

THE  GEOLOGICAL  SURVEY  OF  EGYPT. 

Sib, — In  No.  427  of  the  Geol.  Mag.,  January,  1900,  p.  46, 
Mr.  H.  J.  L.  Beadnell,  in  a  letter  entitled  ''Tlie  Geological  Survey 
of  Egypt,"  refers  to  an  abstract  report  (in  ZeiUchrxfi  fur  prakliache 
Oeologie,  Berlin,  November,  1899)  of  my  lecture,  '^Neues  zur 
Geologie  uud  Paliiontologio  Aegyptens  "  (Allgemeine  Yersammlung 
d.  Deutscli.  geol.  Ges.,  1899,  in  Miincheu). 

From  this  abstmct  report  he  concludes  that  I  claim  to  have  myself 
*'  discovered  the  existence  of  rocks  of  Cenomanian  age  in  Baharia 
Oasis,"  which,  in  fact,  I  never  visited.  I  never  did  claim  such 
a  thing  in  any  way,  as  shown  by  the  manuscript  of  my  lecture, 
not  yet  printed,  and  I  cannot  possibly  be  made  responsible  for  an 
abstract  report,  which,  as  everyone  sees  from  its  title  and  its 
contents,  is  not  written  by  me  but  by  Mr.  Dieseldorff,  the  reporter 
of  the  Zeitschrifl  fur  praktiache  Geologie.  In  this  paper  the  names 
of  the  geologist.s  mentioned  in  my  lecture  have  been  left  out  in 
order  to  shorten  it,  and  there  are  other  mistakes  besides  which  I  am 
sorry  I  could  not  correct,  because  a  proof  was  not  sent  to  me  for 
correction.   The  authentic  words  of  my  lecture  will  be  published  soon. 

I  desire  to  mention  the  following  facts  : — Although  I  did  not  my- 
self find  the  fossils  in  the  Cretaceous  formation  of  the  Baharia  Oasis, 
yet  I  was  the  first  to  examine  and  recognize  them  as  Cenomanian, 
and  thus  to  prove  the  Cenomaniun  age  of  Baharia.  Mr.  Beadnell 
himself,  who  did  not  at  all  know  the  meaning  of  his  fine  fossils, 
was  surprised  by  my  discovery.     This  he  will  certainly  not  deny. 

But  as  Mr.  Beadnell  justly  sets  a  great  value  upon  being  named 
as  discoverer  of  the  fossils,  I  must  claim  the  same  right  for  myself 
with  respect  to  the  publication  of  notes  in  this  Magazine  on  the 
Palaeontology  of  Egypt.  In  the  January  number  there  is  an  essay, 
"On  a  New  Species  of  Clielonian  (Podocnemia  agyptiaca)  from 
the  Lower  Miocene  of  Egypt."  by  C.  W.  Andrews,  who  describea 
some  fossils  collected  by  me  at  Moghara  without  anywhere 
mentioning  my  name. 

I  wish  to  act  in  the  interests  of  my  former  colleagues  in  Egypt 
also  by  asking  the  palaeontologists  of  the  British  Museam  to 
mention  in  each  instance  the  name  of  the  discoverers  of  the  fostils 
referred  to.  M.  Blangkenhorn. 

Bbrlis. 

[Unavoidably  delayed  in  publication. — -"^bit.  (a^oi*.  Mao.^ 
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^ StUDISS     in      EdBIOASTEBOIDEA.        IL     EdRIOASTBB     BUCHIANUS 

Forbes  bp. 

By  F.  A.  BATHB&,  M.A.,  F.O.S. 
(PLATES  VIII,  IX,  AND  X.) 

1  ^  1848,  under  the  name  Agelaenniies  Buehianus,  Edward 


ERRATUM. 

^aj^  147  (April  Number),  line  14  from  bottom :  /or  **  on  botb  the  north  and  south 

banks/*  nad  '•  iu  cliffs  both  north  and  south." 


1 88 1,  though  "greatly  enlarged  and  partly  rearranged  by  Kobert 
fitheridge,  F.R.S.,"  merely  introduced  verbal  alterations  into  Salter's 
^count. 

Allusions  to  this  fossil  by  writers  who  have  not  themselves 
examined  it  serve  chiefly  to  show  the  need  that  exists  for  a  fresh 
description.  Through  the  kindness  of  the  Director- General  of  the 
Geological  Survey  and  of  Mr.  E.  T.  Newton,  to  whom  my  sincere 
thanks  are  here  offered,  the  original  specimens  wore  placed  at 
tny  disposal  for  several  months.  About  two  years  ago  the  first 
draft  of  this  paper  and  some  of  the  illustrations  were  sent  to 
t)r.  Otto  Jaekel  in  Berlin,  and  have  been  utilised  on  pp.  44~4<> 
of  his  splendid  volume  "  Stammesgeschichte  dor  Pelmatozoen. 
I.  Thecoidea  und  Cystoidea  "  (1899).  Thanks  to  Mr.  J.  F.  Whiteaves 
and  the  Director  of  the  Canadian  (3^eological  Survey,  I  subsequently 
learned  the  trne  structure  of  Edrioaster  Bigshyi,  which  was  unknown 
to  Dr.  Jaekel  when  he  wrote  the  pages  referred  to.  Hence  some 
interpretations  in  the  present  account  differ  from  those  given 
Hy  Dr.  Jaekel.  They  agree,  however,  with  the  statements  in 
ohapter  xii — The  Edrioasteroidea — of  **  A  Treatise  on  Zoology, 
Tart  III,  The  Echinoderma,"  edited  by  Professor  E.  Ra^  lj\i\iVL"fe^\j^x 
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(London,  1900).    Some  of  the  points  will  be  better  undentood 
after  publication  of  Study  III,  whioh  will  deal  with  K  Bigahyi. 

The  terms  used  and  the  arrangement  followed  in  the  present 
account  are  the  same  as  those  in  Study  I.  Dinocysiis  Barroist.^ 

Horizon  and  Locality. 

The  specimens  preserved  under  this  name  in  the  Masenm  of 
Practical  Geology,  V  -/r,  were  obtained  during  the  summer  of  1847 
from  the  Caradoc  beds,  two  miles  west  of  Ysputty  Evan ;  that  is  to 
say,  about  two  miles  south  of  Pentre  Voelas,  and  therefore  in 
Denbighshire  and  not  in  Caernarvonshire  as  stated  by  J.  W.  Salter 
(op.  cit.,  1866,  p.  262)  and  by  R.  Etheridge,  sen.  (op.  cit,  1881, 
pp.  395  and  407).  Mr.  Etheridge  informs  me  that  the  speoimens 
were  not  found  in  situ,  but  were  collected  by  Mr.  Qibbs  from  a  wall 
of  loose  stones,  all  of  the  same  materiaL  There  seems,  however, 
no  reason  to  doubt  that  they  came  from  the  Caradoc  beds  of  some 
quarry  in  the  immediate  vicinity,  for  they  have  the  well-known 
characters  of  those  beds.  The  matrix  is  an  indurated  sandstone, 
hardly  to  be  described  as  "  schistose "  in  any  modem  sense  of  the 
word.  It  contains  remains  of  crinoid  stems,  brachiopods,  and 
corals ;  the  calcareous  portions  of  these  have  been  dissolved  from 
the  outer  portions  of  the  stone,  and  the  same  is  the  case  with  the 
edrioasteroid. 

Description  op  the  Ttpe-Specimkn. 

This  consists  of  an  internal  cast  of  the  whole  individual  (PL  ^^II) 
and  an  external  impression  of  its  abactiaal  surface  (PI.  IX).  There 
is  also  preserved,  in  the  central  region  of  the  abactinal  surface  of 
the  cast  (PI.  VIII,  Fig.  3),  a  small  portion  of  the  original  theca. 
Except  wlien  said  to  bo  otherwise,  tlio  statements  refer  to  the 
internal  cast. 

The  periphery  in  snbpentagonal  ;  the  sides  of  the  pentaji^on 
correspond  U)  the  iiitorradial  areas,  and  are  slightly  convex.  The 
length  along  the  sagittal  plane  is  30  mm.  The  transverse  diameter 
is  02  mm.-     The  greatest  width  of  each  side  is  about  20  mm. 

From  the  periplier}',  the  theca  rises  rather  steeply,  then  curves 
gently  over  to  a  slight  depression  around  the  actiual  pole;  towards 
the  under  surface  it  bends  more  suddenly.  Seen  from  the  side 
(PI.  VllI,  Fig.  2)  tlio  theca  looks  like  a  round  cap  squashed  in  at 
the  top.  If  the  fossil  be  placed  on  a  flat  surface,  it  reaches  a  height 
of  ISo  mm. ;  but  the  actiual  pole  is  about  3'0 mm.  below  this. 
The  under  surface  is  excavate  to  about  5  mm.,  so  that  the  length  of 
the  polar  axis  is  about  10  mm.  The  specinien  does  not  appear 
to  have  undergone  more  compression  along  this  axis  than  it  was 
capable  of  efifecting  spontaneously  during  life. 

^  (rF.OT..  Macs.,  n'.s.,  Dtc.  IV,  Vnl,  V,  ])p.  ril3-t)18.  pi.  xxi  ;    Doc,  1893. 
2  To  tli.-j)i'l  j)o>sibli^  ])( I  pliAitv,  it  iu:jy  1»l'  said  :it  cuice  that  Forbes*  me:isuremontH 
arc  vcrv  lumcuf.itr.  soiin.tiiiKs  iiicxiilicably  so. 
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On  the  Upper  Sarfaoe  (PI.  YIII,  Fig.  1),  five  Badial  Groovet 
proceed  fairly  straight  to  a  distance  of  13  mm.  from  the  actinal  pole» 
They  then  rather  suddenly  bend  in  a  dextral  or  solar  direction,  and, 
at  abont  34  ram.  from  the  actinal  pole»  pass  on  to  the  under  surface 
of  the  theoa  (PI.  YIII,  Figs.  2  and  3) ;  here  they  continue  along  the 
sdge  until  they  have  attained  a  distance  of  about  46  mm.  from 
the  actinal  pole,  when  they  terminate.  The  width  of  a  groove  in 
the  proximal  half  of  its  course  is  5*5  to  6  mm. ;  where  it  bends 
)ver  to  the  underside,  the  width  is  about  5  mm.,  and  gradually 
»|>er8  to  2*5  or  2  mm.,  after  which  it  is  rapidly  rounded  off. 

Of  the  five  grooves,  the  anterior  is  the  most  perfectly  preserved. 
[n  its  proximal  half  it  forms  a  rather  deep  V  with  slightly  concave 
lides,  as  shown  in  section,  Fig.  1.  On  the  sides  are  ridges,  passing 
>utward8  from  the  median  line  at  an  angle  that  varies  with  the 
curvature  of  the  groove,  but  is  never  far  from  a  right  angle 
[PI.  X,  Fig.  6).  These  ridges  represent  the  sutures  between  the 
looring- plates.  Each  ridge  passes  up  to  a  prominence  of  somewhat 
)void  outline,  broader  at  the  end  next  the  groove ;  the  side  of  the 
prominence  towards  the  actinal  pole  has  a  gentler  slope  than 
he  side  away  from  it,  so  that  the  prominence  as  a  whole  seems 
0  pass  outwards  in  an  abactinal  direction.  The  depression  between 
iJjacent  prominences  is  continued  as  an  exceedingly  slight  concavity 
lown  the  side  of  the  groove  to  the  middle  line ;  slight  though  it  be, 
t  is  observable  in  some  parts  where  the  sutural  ridges  on  either  side 
j<innot  be  detected.  The  prominences,  and  consequently  the  sutural 
ines,  on  the  two  sides  of  tlie  groove  do  not  iiotually  alternate; 
leither  do  they  quite  correspond.  Therefore  the  ridj^e  that  may, 
a  places,  be  seen  at  the  bottom  of  the  groove,  representing  the 
uture  between  the  flooring-plates  of  the  two  sides,  bends  alternately 
0  either  side;  in  the  tract  figured  (Pi.  X,  Fig.  6),  a  long  stretch 
Dwards  the  right  (of  the  figure)  is  followed  by  a  short  stretch 
owards  the  left. 


Fio.  1.    V//////7//.%.  //////////        M/II!i^^!:n>,    Fig.  2. 


lections  across  tlie  intorniil  cast  ot  the  anterior  proovo,  both  w^  seen  Irom  the  oral 
side  ;    x  4  diam.    r.g.  im])ression  left  by  ttoorinp:- plates  ol"  suhvoctive  groove. 
p.  matrix  ribiii;,'  up  into  the  pore  between  adjoiniu*,'  llooriug- plates. 
Fig.  1,  from  proximal  Tension  of  ;,'r(K)ve.  r   i     r     m 

Fig.  2,  from  mf)re  distal  region,  just  on  the  peripherj'  or  ambitus  of  the  fossil. 

The  distal  region  of  any  groove  deviates  from  the  structure  just 
lescribed  only  in  the  proportionately  less  depth  of  the  groove,  in 
he  more  pronounced  alternation  of  the  plates,  and  in  the  relative 
elongation  of  the  prominences,  which  here  merge  more  gradually  into 
he  sutural  ridges.     (See  section  of  cast,  Fig.  2). 

A  wax  squeeze  taken  from  the  impression  of  the  distal  region  of 
i  groove  (e.g.  the  left  posterior,  PI.  X,  Fig.  7)  restores  tV\^  a^Y^^\«a^ 
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formerly  presented  by  the  now  vanished  test  as  seen  from  the  ontaide. 
In  this  region  we  see  the  flooring-plates  rising  slightly  above  the 
interradial  areas,  then  presenting  a  narrow  flat  snrface,  then  dipping 
down  in  a  slightly  convex  oarve  to  the  middle  line  of  the  groove. 
The  groove  is  less  deep  than  in  the  internal  oast,  which  means  that 
the  flooring-plates  were  thicker  in  the  middle  of  the  groove  than 
at  its  margins.  Between  the  flooring-plates,  where  they  bend 
downwards,  are  elongate  slits,  wider  towards  the  margins  of  the 
groove ;  these  correspond  to  the  prominences  of  the  internal  oast 

The  right  anterior  and  left  posterior  grooves  are  still  filled  in 
places  by  portions  of  matrix ;  and  the  hollows  between  this  matrix 
and  the  internal  cast  enable  one  to  reconstrnct  a  section  of  the 
groove  based  on  actual  measurement     Fig.  3  is  taken  from  the  left 


Fio.  3. — View  of  the  left  posterior  groove,  as  preserved  in  the  fofltil.  x  4  diam. 
ext.  matrix  filling  the  exterior  of  the  groove,  int,  matrix  filling  the  interior 
of  the  test.  ar.  groove  on  the  nurface  of  the  latter,  p.  matrix  filling  pores 
between  the  nooring-plates.    p'.  scars  where  the  same  has  been  broken  away. 

posterior  groove,  at  6' 5  mm.  from  its  distal  end.  Here  the  plates 
are  about  1  mm.  thick  at  the  edge  of  the  groove,  bat  thin  considerably 
towards  the  middle  line. 

A  good  idea  of  the  appearance  of  the  groove  as  seen  from  the 
inside  of  the  test  is  obtained  from  a  wax  squeeze  of  the  internal 
cast  (PL  X,  Fig.  5). 

Forbes  describes  the  **  margin  of  the  "  grooves  as  composed  of 
''  areal  or  interambulaoral  plates  bearing  2-3  short  elevated  transverse 
ridges,  each  of  which  points  to  the  origin  of  an  ambulacral  plate, 
short  and  oblong ;  a  double  series  of  these  ambulacral  plates  form 
the  canal."  It  is  hard  to  believe  that  Forbes  did  not  understand 
he  was  dealing  with  an  internal  cast ;  yet  this  seems  to  have  been 
the  case,  for  he  proceeds  to  describe  the  external  impressions  of  the 
grooves  as  triangular  arms  "  composed  of  two  rows  of  dove-tailing 
joints,  with  ridges  at  the  articulations  to  lock  into  the  furrows 
bordering  the  arm-canal."  From  this  truly  remarkable  misconception 
arose  an  extraordinary  theory  as  to  the  nature  of  the  radial  grooves 
and  as  to  the  homologies  of  the  ambulacral  areas  in  Echinoids. 
After  half  a  century  one  need  not  linger  over  mere  errors  of  fact 
in  the  first  sentence  quoted,  llio  present  description  and  figures 
will  enable  readers  to  make  the  corrections  themselves. 

Piecing  all  this  evidence  together  as  in  Fig.  4,  we  see  that  each 
radial  groove  was  composed  of  a  double  row  of  flooring-plates,  more 
or  less  alternating,  and  meeting  in  a  median  zigzag  line.  In  the 
proximal  half  of  the  groove  the  long  axis  of  each  of  these  plates, 
nearly  at  right  angles  to  the  middle  line  of  the  groove,  measured 
."V3-5  mm.,  and  the  short  axis,  parallel  to  the  middle  line,  '9  mm. 
Tbo  total  number  of  plates  along  one  side  of  a  groove  was  about  60 
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(oiBrtainly  more  than  the  50  whioh  Forbes  ooonted).  The  thiokness 
of  the  plates  towards  their  outer  margins  was  about  1  mm.  The 
plates  were  continuous  with  the  interradial  thecal  plates,  but  rather 
thicker ;  at  a  little  distance  from  the  edge,  they  bent  downwards 
at  a  rather  sharp  angle,  so  as  to  form  a  V-shaped  trench  with 
slightly  convex  sides.  Seen  from  the  inside  the  plates  formed 
a  ridge,  with  sides  at  first  steep,  then  gradually  rounding  over. 


Fio.  4. — Reconstructed  section  across  a  snbYectiYe  groove,  x  6  diam.  Compare 
with  Fig.  1  on  p.  195,  and  Fig.  3  on  p.  196.  The  relations  of  the  coYennj^- 
plates  are  inferred  from  Edrioatter  Jiiasbyi,  The  position  of  the  perradial 
water- vessel  and  its  branch  to  the  podium  is  deduced  from  the  remains  of 
E.  Bigabyi  and  the  present  species.  Natural  suture-surfaces  are  dotted ;  cut 
surfaces  are  ruled  diagonally ;  supposed  soft  parts  are  in  broken  outline. 
v.g,  subjective  groove,  e.p,  covering-plates,  /.p.  flooring-plates,  t.a. 
interambulacrals.  w.  perradial  water-vessel,  connected  by  a  branch  with  the 
podium,  p.    amp.  ampulla  connected  with  the  podium  through  the  pore. 

The  adjacent  sides  of  the  plates  were  excavate  so  that  pores  were 
formed  between  them.  Thua  the  groove  was  fringed  with  a  row 
of  pores  on  either  side.  These  pores  lay,  not  at  the  extreme 
margin,  but  just  where  the  plates  bent  downwards ;  they  passed 
outwards  at  an  angle  sloped  away  from  the  actinal  centre;  they 
were  wider  in  the  proximal  portion  of  the  groove,  and  more  elongate 
in  the  distal  portion.  We  may  infer  from  the  as  yet  undescribed 
structure  of  JSdrioaater  Bigshyi,  that  the  groove  was  roofed  by 
covering-plates,  which  rested  on  the  flattened  border.  But  these 
covering-plates  must  have  been  detached  and  washed  away  before 
the  tbeca  was  imbedded,  since  no  traces  of  them  remain. 

Around  the  Actinal  Pole  the  form  of  the  internal  cast  is  rnther 
complicated  (PI.  X,  Fig.  2).  The  grooves  cur^'C  down  towards  the 
pole,  and  at  2  or  3  mm.  from  the  pole  itself  they  bend  downwards 
sharply.  The  central  region  is  occupied  by  an  irregularly  shaped 
mass  of  matrix,  with  a  broken  surface  about  3*5  mm.  below  the  highest 
|X)int  of  the  cast.  This  mass  probably  represents  the  oesophagus. 
It  is  surrounded  by  a  channel  or,  as  it  were,  a  moat,  into  which  the 
down-bent  grooves  lead.  At  certain  points,  however,  this  moat  is 
bridged  by  matrix,  and  in  the  two  rays  of  the  left  side  the  extreme 
proximal  ends  of  the  grooves  are  similarly  bridged.  These  bridges 
look  like  continuations  of  the  prominences  or  infillings  of  the  proximal 
pores.  In  the  posterior  interradius  is  a  similar  lump  of  matrix, 
mistakenly  alluded  to  by  Forbes  (op.  cit.,  p.  522)  as  ''  the  projection 
which  bore  the  anus."    This  is  separated  from  l\i^  oib^Q^Xi'dj^^^'d^ 
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matrtz  bj  the  moat,  and  u  itaelf  tmrderad  on  its  outer  aide  bj 
s  Bemioircnlar  channel,  which  dips  down  on  eaoh  side  to  join  tbe 
moat;  just  at  thoae  points,  this  channel  is  very  nearlj  bridged  by 
projeotions  from  its  enoloeed  matrix  almost  joining  the  proztmal 
prominences  of  the  adjacent  rays.  Owing  to  the  bridging  and 
overbanging  of  the  matrix,  it  ia  impossible  to  obtain  a  aatiafaetory 
wax  squeeze  of  the  channels  ;  but,  translating  the  appearances  into 
the  original  itereom  structures,  we  infer  that  the  month  was  central 
and  roughly  five-tobed,  widest  on  the  posterior  side,  and  that  it 
was  Hurrounded  by  a  stout  ring  of  stereom,  orer  which  the  food- 
grooves  passed.  This  latter  atruoture  may  possibly  be  that  deaoribed 
by  Salter  (op.  ciL,  p.  291)  as  "a  great  thiokening  of  the  oral 
ossicles,  just  within  the  mouth,"  The  proximal  or  adorat  pores 
were  connected  with  one  another  above  this  stereom  ring,  but  below 
the  outer  theoa,  so  as  to  form  a  closed  ring-oanal  (hydrooirons) 
around  the  mouth.  In  the  posterior  interradius  was  a  madreporite 
or  hydropore-plate,  the  inner  surface  of  which  formed  a  semicircnlar 

Kijectioa  for  tbe  attachment  of  the  upper  end  of  the  stooe-oanal. 
is  was  more  or  Irbs  directly  connected  with  the  ring-canal.  The 
existence  of  pores  along  the  radial  groores  almost  certainly  Implies 
the  presence  of  podia,  as  well  as  of  perradiol  water- vessels  connecting 
the  latter  with  the  ring-canal.  But  the  specimen  does  not  afford 
satisfaotory  evidence  as  to  the  position  of  the  perradiol  reseele. 

The  shape  of  the  Interradiitl  Areas  has  been  figured  by  Forbes 
(op.  cit.,  pi.  xxiii,  fig.  6),  but  the  arrangement  of  the  plates  thus 
represented,  though  not  ridiculous,  is  imaginary  so  far  as  details  are 
concerned.  His  drawing,  however,  presents  a  certain  resemblance 
to  the  left  anterior  interradinl  area,  here  refigured  (Fig.  5).     This 


Fio.  6.— Arronp'menl  of  pistes  in  irft  anterior  interradins,    Nat.  nzs. 
Fie.  C. — Amuii^cment  of  ptalcs  in  npprr  pnrt  of  poaterior  intenadim.     Nat.  Nie. 
tl.c.  dqirenian  ciiiued  bf  itonc-cnnal,     mw.  dqircwjon  perbiq*  caused  by 

nieW'ntuT. 

shows  the  marks  left  by  the  plates  pretty  clearly,  and  indicates 
that  they  were  irregular  polygons  of  vaiious  sizes,  apparently  not 
imbricate,  Tbe  only  regularity  visible  in  their  arrangement  here 
IB  A  hand  of  pistes  bordering  the  right  aide  of  the  area,  and 
passing  across  it  at  the  lower  edge  of  the  theoa,  while  another  less 
regular  band  runs  parallel  to,  and  on  the  inner  or  left  side  of,  this 
outer  one.  Down  to  and  including  these  bands,  there  were  36  plates 
in  tbe  left  anterior  interradial  area.    The  greatest  width  of  tbia 
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ftiea  is  13*75  mm. ;  that  of  the  posterior  area  is  16*6  mm.  The  latter 
also  tapers  less  rapidly  towards  its  aotinal  end,  where  the  hydroporo 
was  situated. 

The  greater  width  of  the  posterior  interradial  area  (Fig.  6  and 
PL  Ym,  Fig.  1)  is  due  to  the  anal  opening,  which  lay  in  this  area 
about  half  a  millimetre  to  the  left  of  its  middle  line  and  at  11  mm. 
from  the  aotinal  pole.  The  anal  pyramid  ("  OTarian  pyramid "  of 
Forbes)  was  not  a  regularly  constructed  pyramid  surrounded  by 
a  definite  rim,  but  was  a  roughly  circular  area  of  about  6*25  mm.  in 
diameter,  the  plates  of  which  appear  to  have  risen  from  under  the 
edges  of  the  surrounding  interradials.  The  plates  contained  within 
this  circle  seem  to  have  been  irregularly  disposed  in  two  circlets. 
The  plates  of  the  outer  circlet  were  not  so  long  as  those  of  the 
inner.  These  latter  were  roughly  triangular  and  met  in  a  central 
point,  where  doubtless  was  the  anus ;  the  sutures  indicate  their 
number  as  11,  although  Forbes  estimated  them  at  only  5.  The 
anal  pyramid  can  hardly  be  described  as  raised ;  but  above  it, 
and  half  surrounding  it,  is  a  semicircular  depression  with  three 
ooncentrio  wrinkles  plainly  marked  on  its  left  side.  Immediately 
on  the  right  of  the  anus,  the  test  is  not  depressed.  In  the  adjacent 
(r.  post.)  interradius  there  is  a  slight  elevation  of  the  theoa  at  this 
level,  clearly  shown  in  the  side-view  (PI.  VIII,  Fig.  2).  The 
wrinkled  depression  in  the  anal  interradius  may  be  ascribed  to 
the  contraction  after  death  of  some  internal  structure,  presumably 
the  mesentery  attaching  the  stone-canal  to  the  theoa.  The  slight 
swelling  that  curves  round  from  the  anus  may  indicate  the  course 
of  the  rectum  ;  and  this  would  imply  that  the  gut  had  a  dextral 
coil.     Jaekel  also  has  expressed  this  view  (op.  cit.,  p.  46). 

The  Under  or  Abactinal  Surface  of  the  theoa  (PI.  VIII, 
Fig.  'J,  and  PI.  IX)  is  partly  bounded  by  the  dextrally  curved  ends 
of  the  radial  grooves,  which,  as  seen  from  below,  of  course  appear 
sinistral.  The  excavate  space  included  by  these  may  be  divided 
into  three  regions,  which,  proceeding  from  without  inwards  (i.e.  from 
oral  to  aboral),  are  as  follows  : — 

(1)  Peripheral  Area. — A  closed  ring  formed  by  small  polygonal 
plates  like  the  interradials,  with  which  they  are  in  fact  serially 
homologous.  These  plates  are  roughly  arranged  in  rows  continuing 
the  spiral  twist  of  the  grooves.  They  are  a  little  smaller  than  the 
majority  of  the  interradials,  and  their  long  axes  are  directed  more 
or  less  radially  to  the  vertical  axis  of  the  theca. 

(2)  The  Frame. — A  closed  ring  of  11  thicker  and  larger  plates, 
with  their  long  axes  tangential  to  the  vertical  axis  of  the  theca. 
Their  outer  margins  are  slightly  scolloped  by  the  sutures  with  the 
plates  of  the  peripheral  area  ;  the  inner  margin  of  each  forms 
a  curve,  convex  towards  the  aboral  pole.  These  plates  seem  to 
alternate  in  size,  a  smaller  plate  corresponding  to  each  interradius 
and  a  larger  to  each  radius.  Two  plates  go  to  the  wider  posterior 
area.  Too  much  stress,  however,  must  not  be  laid  on  this  slight 
appearance  of  regularity.  These  plates  were  ornamented  with 
fimall  tubercles,  the  tiuces  of  which  are  seen  on  V)ol\i  tiCi^  iism^X.  ^\A 
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the  impreflsion,  more  proDounoed  than  those  left  by  the  intemdials 
of  the  aotinal  surfaoe. 

(3)  Central  Area. — The  whole  space  within  the  frame  is  still 
oovered  in  the  oast  by  what  appears   to  have    been  a  flexible 


Fio.  7. —  General  section  across  the  theca  of  Edriotuter  BucKiantu,  about  in  the 
transYersal  plane.  Natural  size,  i,  iii,  iv,  three  subTective  grooves  (comp|aie 
Plate  VIII).  ps.  peristome,  tiie  thickening  of  the  drcomcosophageal  ring 
not  shown,  per.  peripheral  area  of  the  abactinal  surface,  emt.  centnl  area 
of  same.    /r.  frame  surrounduig  the  latter. 

fnt^ament,  in  which  were  deposited  minate,  loosely  calcified, 
imbricating  plates.  The  imbrication  is  sach  that  the  onter  edges 
of  the  plates  are  directed  away  from  the  abactinal  pole.  The  exact 
arrangement  of  this,  and  its  relation  to  the  surronnding  plates,  are, 
however,  best  made  out  from  a  wax  squeeze  (PI.  X,  Figs.  1  and  8) 
of  the  impression  (PL  IX). 

Forbes  speaks  of  this  central  portion  as  a  "tough  membrane,'* 
over  which  **  from  the  centre  radiating  lines,  with  the  appearance 
of  having  been  caused  by  vessels,  proceed,  dividing  in  their  couree 
.  •  .  The  markings  .  .  •  resemble  those  of  Iiehadite$»'* 
There  can  be  no  doubt,  now  that  we  know  the  structure  of  other 
AgelaorinidaB  so  much  better  than  Forbes  could,  that  these  lines  are 
merely  the  edges  of  imbricating  plates.  This  was  fully  recognised 
by  Salter  (op.  cit,  p.  291). 

Forbes'  view  is  here  mentioned  in  order  to  explain  his  next 
sentence.  ''The  plates  immediately  bordering  it  [the  membrane] 
are  rather  larger  than  the  others,  and  all  the  plates  of  the  base 
are  marked  with  twin  pore-like  dots,  connected  by  a  groove."  By 
**  all  the  plates  of  the  base  "  we  must  understand,  not  the  minute 
imbricating  plates  of  the  membrane,  but  the  11  plates  forming  the 
frame,  and  the  smaller  plates  of  the  peripheral  area.  Forbes* 
pi.  xxiii,  fig.  7,  shows  these  diplopores  on  one  of  the  frame-plates, 
but  not  on  the  membrane,  while  the  peripheral  plates  are  only 
drawn  in  outline.  1  have  been  quite  unable  to  distinguish  any 
structure  at  all  resembling  the  diplopores  so  clearly  described  and 
figured  by  Forbes ;  there  is  nothing  more  than  the  tuberoulation 
already  referred  to.  Salter  says,  '*The  surface  of  the  plates  [in 
general]  is  granular,  but  1  can  see  no  trace  of  spines;  nor  can 
I  see  the  chain-like  pairs  of  pores  on  the  puckered  membrane,  as 
figured  by  Forbes  in  his  fig.  7.  I  think  the  artist  has  been  deceived 
by  the  imbrication  of  the  small  calcareous  plates  which  oovered  this 
surface."  The  chief  conclusion  to  be  drawn  from  these  bewildering 
remarks  is  that  Salter  did  not  take  the  trouble  to  understand  the 
clear  description  and  figure  of  his  predecessor.     Salter's  statement* 
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howeTer,  was  repeated  in  modified  language  by  Eiheridge  (op.  cit» 
p.  482),  and  it  may  therefore  be  considered  that  two  palasontologists 
of  repute  were,  as  I  am,  unable  to  see  the  diplopores  described  by 
Forbes  and  drawn  by  C.  R.  Bone. 

The  most  important  features  of  the  abactinal  membrane  are 
5  prominences  or  evaginations  of  it.  They  form  a  fairly  regular 
pentagon,  each  corresponding  to  an  interradius,  but  they  bear  no 
evident  relation  to  the  angles  of  the  central  area.  Each  evagination 
has  a  rounded  U-shaped  margin,  the  apex  directed  away  from  the 
thecal  axis.  The  raised  margins  are  not  absolutely  continuous. 
Within  the  margins  the  membrane  is  again  depressed,  and  just  in 
the  middle,  about  the  actinal  pole,  it  cannot  be  traced  in  either  cast 
or  impression.  Possibly  it  was  here  very  thin  and  contained  no 
imbricating  calcareous  plates.  There  is,  however,  no  evidence  that 
there  was  either  a  stem-attachment,  as  Forbes  thought,  or  any 
opening  from  the  gut  or  the  body-cavity  to  the  exterior. 

These  evaginations  of  the  aboral  membrane,  alluded  to  by  Forbes 
as  "prominences"  (p.  522)  and  ''peduncles"  (p. 538),  received  another 
explanation  from  Wyville  Thomson.^  He  writes  (p.  110) :  "In  the 
specimen  of  AgeL  Buohianus  (Forbes),  in  Jenny n  Street,  there  is 
a  rudely  pentagonal  stamp  on  the  apical  surface,  which  is  probably 
the  impression  of  the  wide  base  of  a  pyramid  of  jaws  like  that  of 
Echinocystites,  on  the  inside  of  the  coriaceous  integument."  This 
is  very  incorrectly  expressed,  and  were  it  not  for  some  remarks  by 
Salter  (op.  cit,  pp.  290,  291),  would  be  unintelligible.  By  "the 
pentagonal  stamp,*'  Thomson  seems  to  have  meant,  as  Salter  says, 
"  the  five  indentations  figured  by  Forbes,  fig.  6,"  i.e.  indentations 
not  on  the  apical  surface,  but  on  the  impression  of  that  surface, 
and  therefore  not  really  indentations  but  prominences.  Salter, 
attempting  to  improve  on  Thomson,  speaks  of  them  as  "  large  buccal 
teeth  .  .  .  which  must,  I  suppose,  represent  the  '  lantern  '  in 
the  Echinus,^* 

To  this  interpretation  of  the  prominences  there  are  objections 
of  three  distinct  kinds.  First,  the  specimen,  though  it  shows  traces 
of  the  circumoral  ring  plainly  enough,  shows  within  or  below  this 
ring  no  traces  whatever  of  jaws  or  teeth.  Secondly,  the  buccal 
armature  of  Palaodiscus  would  not  make  an  impression  of  this 
nature  or  in  this  position,  while  that  of  Echinocystis  is  not  large 
enough  to  make  any  such  impression  at  all.^  Thirdly,  it  is  incon- 
ceivable that  an  Echinoderm  of  distinctly  pelmatozoan  type,  with 
mouth  upturned  and  with  deep  subvective  grooves,  can  have  had  any 
use  for  stout  biting  jaws ;  even  if  descended  from  a  gnathostomatous 
Echinoid  (a  quite  absurd  supposition)  it  would  have  lost  its  jaws 
before  attaining  its  present  habit  and  structure. 

The  meaning  of  these  five  extrusions  of  the  aboral  membrane 
must  be  sought  among  other  Pelmatozoa.     They  must  have  been 

*  C.  Wyville  Thomson,   **  On  a  new  Palajozoic   Group  of  Echinodermatu'*  : 
Edinburgh  New  Phil.  Journ.,  n.s.,  vol.  xiii,  pp.  106-117,  pis.  iii,  iv;  Jan.,  1861. 

*  See  W.  J.  Sollas,  **  On  Silurian  Echinoidea  and  Ophiuroidea**  :  Quart.  Journ. 
Gcol.  Soc.,  vol.  It,  pp.  692-715;  Nov.,  IS99, 
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made  by  some  Bjstem  of  organs  that  had  undergone  diviaion  into 
five,  and  had  the  pentameres  interradiaL  The  stomach,  gonada  of 
Eohinoid  type,  and  water-vaBCular  system  seem  therefore  to  be 
excluded,  while  the  chambered  organ  of  orinoids  is  foroibly  saggested. 
It  is  clear  that  the  frame  of  11  large  plates  gave  some  rigidity 
to  the  base,  while  within  this  the  membrane  was  very  fleidblef 
capable  of  extension  and  oontraotion.  These  arrangement!  may 
have  served  a  twofold  purpose.  If  the  theca  were  oompresaed  l^ 
any  external  agent,  the  soft  parts  and  the  fluid  contents  of  the  ooelom 
would  have  been  squeezed  out  into  this  extensile  sac,  which  thus 
acted  as  a  safety-valve.  Or  the  vertical  mesenteries  of  the  coeloni 
may  have  been  attached  to  it,  and,  developing  musoles  as  in 
Eohinotburidee,  may  have  been  able  to  withdraw  it  within  the 
frame ;  if  the  outer  edge  of  the  theca  were  closely  apposed  to  the 
ground,  the  eflfect  of  this  would  be  to  create  a  vacuum  and  so  hold 
the  creature  in  its  position  like  a  limpet.  In  the  dead  animal,  when 
the  tissues  shrank,  the  aboral  membrane  was  naturally  polled 
upwards,  and  at  the  same  time  other  parts  of  the  theca  were 
pulled  inwards.  Hence  arose  the  stretching  of  the  membrane  over 
the  internal  (?  chambered)  organs,  in  the  same  way  as  the  wrinkled 
depression  already  noticed  in  the  posterior  interradius.  Jaekel*s 
opinion  that  the  central  area  of  the  abactinal  surfaoe  was  fixed 
(aufgeioachsen)  on  a  not  quite  hard  bottom,  does  not  seem  in  aooord 
with  the  shape  of  the  theca  or  with  the  sharp  definition  of  these 
five  lobes. 

Otiirr  Specimens. 

The  various  8tem-fra<rnieut8  ascribed  by  Forbes  to  this  species 
can,  as  already  noted  by  Salter  and  Etheridge,  have  had  nothing 
to  do  with  it.  Tliey  were  found  in  the  same  stone  wall,  but  not 
in  juxtaposition  with  the  theca.  Neither  can  the  4-rayed  impression 
so  badly  represented  in  Forbes'  pi.  xxiii,  fig.  14,  be  regarded  as 
*'  the  impression  of  the  base,  probably  of  a  similar  cystidean." 

There  was  found,  however,  one  other  fragment,  which  I  am 
unable  to  fit  on  to  the  type-specimen,  and  therefore  regard  as 
indicating  the  existence  of  another  individual.  It  is  an  impression 
of  part  of  an  ambulacrum,  16  mm.  long,  and  of  portions  of  the 
adjacent  interambulacra,  one  of  which  shows  very  clearly  the 
markings  produced  by  the  ornament  of  the  plates  (PI.  X,  Fig.  3). 

No  otlier  specimen  of  this  species  is  known. 

Systematic  Position. 

Forbes  called  this  species  Agelacrinites  Buchtanus,  comparing  it 
first  with  the  specimen  discovered  by  Bigsby,  and  described  and 
figured  by  G.  B.  Sowerby  in  the  Zoological  Journal  (vol.  ii, 
pp.  318-320,  pi.  xi,  fig.  5,  1826),  and  afterwards  named  il^e2aerttiife« 
Dicksoni  by  K.  Billings  (1856);  and  secondly  with  Agelacrinite$ 
hamiltonensis,  Vannxem,  which  is  the  type  of  the  genus.  Forbes 
considered  it  as  a  Cystid,  allied  to  the  Echinoidea. 

Salter  (op.  cit.,  p.  290),  while  retaining  the  species  in  AgelacrinuSf 
considered  it  as  more  allied  to  the  species  described  by  Billings  as 
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Bdnoaiter  Bigshyi,  1858.  In  the  list  on  p.  262  of  the  same  work 
it  is  actaally  oalled  "  Edrioatier  Buehii  {Agelaerinus,  Forbes)."  The 
same  is  the  oase  in  Etheridge's  revision  of  Salter  (pp.  481  and  395). 
Salter's  opinion  is  abundantly  justified  not  only  by  the  details  of 
the  present  paper,  but  by  the  new  facts  concerning  Edrioa$Ur 
Bigthyi,  which  will  form  the  subject  of  the  next  study.  To  that  it 
Is  better  to  postpone  the  diagnoses  of  the  genus  and  of  the  present 
«peote«. 

EXPLANATION  OP  PLATES  VIII,  IX,  and  X. 

EdKIOASTIB  BuCHIANUt. 

[All  the  figures  are  from  the  type-specimen  in  the  Museum  of  Practical  Qeolosr* 
except  PI.  X,  Fif .  3,  which  is  from  a  fragment  associated  with  it.  Plates  Ylil 
and  IX  are  basea  on  photographs  by  Mr.  J.  Green ;  the  figures  of  Plate  X  are 
drawn  directly  from  the  specimens  or  from  wax  squeezes  thereof.  The  figures  of 
Plates  YIII  and  IX  are  magnified  two  diameters ;  those  of  Plate  X  are  enlaiged 
to  Ui6  extent  stated  under  each.  Difficulties  of  lighting  have  rendered  impossiolo 
a  rigorous  maintenance  of  the  standard  orientation  ;  where  doubt  might  have  arisen 
the  position  of  the  anal  interradius  has  been  marked  by  a  *.] 

PULTB  VIII. — The  internal  cast. 

Fio.  1. — Actinal  surface,  showing  peristomial  and  anal  areas  clearly,  and  the 
subvectiTe  grooves  here  occupying  an  almost  strictly  radial  position  and 
marked  i-v  from  left  posterior  to  right  posterior. 

Fio.  2. — Side  view,  showing  the  curvature  of  the  subvective  grooves.  The  anterior 
groove  (iii)  passes  across  the  middle  of  the  fi^re.  The  plates  of  the  right 
anterior  interradius  (between  iii  and  iv)  arc  fairiy  distinct. 

Fia.  3. — Abactinal  surface,  showing  in  iU  central  area  a  portion  of  the  original 
ti^st  (compare  PI.  X,  Fijf.  8).  The  nuinl)CTs  i-v  here  corrtsj)ou(l  to  those  of 
Fijf.  1,  ami  mark  the  rauii,  while  tiie  subvoctivt'  jjroove  C(>rre.spoiidin«]:  to  each 
number  is  now  slm'H  to  have  puHsed  throiii^h  fully  one-tilth  of  the  circumference 
away  from  it:  e.g.  the  anterior  frroovc  (iii  of  Fijj.  1)  now  comes  into  the 
right  anterior  radius  (iv).  Clo.se  to  uumber  ii  some  matrix  tills  the  groove, 
and  on  this  is  the  impression  of  a  colunmal  of  some  crinoid  or  cystid. 

PuLTE  IX. — The  external  imprerjsioii  of  the  abactinal  surface.  The  up])er  tijruro  is 
lit  from  the  right  hand,  the  lower  tijrure  from  the  left  hand.  These  ti<(ures, 
with  Fig.  3  of  PI.  VIII,  give  the  evidence  on  which  PI.  X,  Fig.  8  is  based. 

Plate  X. — Enlarged  details. 

Fig.  1. — A  wax  squeeze  from  a  portion  of  the  impression  of  the  abactinal 
surface,  show*ing  accurately  the  relations  of  the  plates ;  x  3  diameters. 
Compare  Forbes,  pi.  xxiii,'  fig.  7.  cent,  small  plates  of  the  central  area. 
fr.  a  frame-plate,  per.  plates  of  the  perradial  area.  h.  suture  between  two 
of  the  latter,  apparently  crenulato.  (jr.  portion  of  left  anterior  subvective 
groove,    vol.  columual  lying  on  matrix  that  fills  a  part  of  this  groove. 

Fio.  2. — The  peristomial  re;^""  «f  the  internal  cast,  slightly  diagrammatised,  and 
seen  from  right  posterior  interradius  ;  x  2  diam.  at.c.  a  depression  where 
a  semicircular  ridge  on  the  inside  of  the  tt'st  is  supp)sed  to  have  supported  the 
stone-canal ;  the  matrix  within  this  would  thus  have  underlain  the  madre- 
porite.  o€».  matrix  tilling  the  cosophagus.  c.o.fr.  hollow  space  surrounding 
the  latter  and  presumed  to  have  been  occupied  by  a  circumoDsophageal  frame 
of  plates  (moaitied  flooring-plates),  tiw.  strands  of  matrix  bridging  over 
the  space  just  mentioned ;  they  seem  to  be  serially  homologous  with  the  podial 
or  pore  scars,  and  may  represent  water-vessels  connecting  the  adoral  podia 
witn  a  circumoral  water-ring. 

Fio.  3.-— Interambulacrals  showing  vcrmiculate  ornament  and  raised,  slightlv 
crenulate  suture -margins.  From  a  wax  s(iueeze  of  a  fragment  associated  with 
the  type,     x  ^. 

FiOv  4.— Flooring-plates  in  the  distal  region  of  the  left  anterior  groove,  drawiv 
from  a  wax  squeeze  of  the  external  impression,     x  6  ^am. 
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Fia.  5. — ^Portion  of  the  anterior  prroore  as  Been  on  the  insidB  of  the  test,  dzswi 
from  a  wax  squeeze  of  the  internal  cast ;  x  6  diam.  m.  intermmbnkoraki 
p.  pores  for  the  passage  of  the  podia  or  of  the  ampnllis  from  the  podia. 
f,p,  flooring-plates.    The  proximal  end  is  uppermost  in  the  drawing. 

Fxo.  6. — The  internal  cast  of  part  of  a  suhyective  groove  :  the  compiemeot  of 
Fig.  5.  X  6  diam.  p',  projecting  scars  of  matrix  that  flUed  the  podial 
pores. 

Fio.  7. — The  distal  end  of  the  left  posterior  grooye,  from  a  wax  squeeze  of  tlM 
external  impression ;   x  4  diam.    Lettering  as  in  Fig.  5. 

Fio.  8. — The  central  part  of  the  ahactinal  smace,  £rom  a  wax  squeeze  of  the 
external  cast  (PI.  IX),  slightly  diagrammatiBed,  since  details  are'often  obscure 
in  the  specimen ;  x  3  diam.  per,  peripheral  area,  fr,  frame,  cent,  central 
area,  with  its  flexible  plated  membrane,  raised  in  five  interradtally  situate 
lobes.  *  position  of  posterior  fanal)  interradius.  p.ia.  the  meridian  in  which 
plates  of  the  posterior  interraoins  (i.e.  posterior  interambulacrals)  pass  from 
the  actinal  to  the  ahactinal  surface  and  merge  with  the  pcriphenl  plates  of 
the  latter. 


II. — Bala  Lake  and  the  Biver  Ststkm  of  Nobth  Walks. 

By  Philip  Lake,  M.A.,  F.G.S. 
IntrodMtiofL 

fllHE  evolution  of  rivers  and  the  origin  of  lakes  have  reoenHy 
X  attracted  a  considerable  share  of  attention ;  and  the  principles 
which  should  guide  us  in  tracing  the  development  of  a  drainage 
system  have  been  expounded  by  several  authors,  both  in  England 
and  in  America. 

Little,  however,  has  been  written  on  the  lakes  and  rivers  of 
North  Wales.  In  1876  Bamsay,^  who  was  one  of  the  pioneers  in 
questions  of  this  kind,  endeavoured  to  decipher  the  history  of  the 
Dee  and  of  Bala  Lake ;  and  subsequently  he  performed  a  similar 
office  for  the  Clwyd.-'  More  recently  Mr.  Strahan  and  Mr.  Morton' 
have  dealt  with  the  latter  river. 

A  few  papers/  also,  have  been  written  on  the  tarns  or  'Llynian' 
of  Caernarvonshire ;  but  with  these  we  are  not  directly  concerned. 

In  the  following  pages  an  attempt  is  made  to  explain  the  origin 
of  Bala  Lake,  and  to  show  how  the  river  system  of  North  Wales 
was  established  and  was  subsequently  modified ;  but  the  formation 
of  the  Vale  of  Clwyd  is  barely  touched  in  this  investigation. 

It  is  scarcely  necessary  to  point  out  how  deeply  I  am  indebted 
to  the  writings  of  Mr.  Marr,  to  which,  in  fact,  whatever  there  may 
be  of  value  in  my  labours  is  primarily  due.  For  although  the 
present  drainage  system  of  North  Wales  differs  greatly  from  that 
of  Cumberland  and  Westmoreland,  yet  in  some  respects  the  resem- 
blance is  so  close  that  it  is  Mr.  Marr's  work  in  the  Lake  District 
which  has  enabled  me  to  attempt  an  interpretation  of  the   river 

1  Quart.  Journ.  Geo!.  Soc,  vol.  xxxii  (187C),  pp.  219-229.  Sec  also  Mem.  GeoL 
Surv.,  vol.  iii  (1881),  2nd  ed.,  pp.  314-323. 

«  Mem.  Geol.  Surv..  vol.  iii  (1881),  2nd  ed.,  pp.  306-313. 

^  G.  n.  Morton:  Proc.  Liveq)ool  Geol.  Soc,  vol.  Wii  (1897-98),  pp.  32-6o, 
181-204.     A.  Struhan:  Geol.  Mao.,  1899,  pp.  111-117. 

*  W.  W.  Watts:  Brit.  jVssoc.  Reports,  1»95,  pp.  683.  684.  W.  A.  Brend: 
Oeol.  Mao.,  1897,  pp.  404-4C7.  J.  K.  Marr  k  B.  H.  Adie:  Gbol.  Mao.,  1S98, 
pp.  dl-61. 
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^^stem  of  North  Walte.  Mr.  Man-,  however,  finds  no  evidenoe  of 
-fche  differential  movements  which  seem  in  Wales  to  have  played  so 
mjnportant  a  part  in  modifying  the  original  draini^e  lystem. 

My  thaaka  are  also  due  to  Mr.  A.  L.  Hall,  of  Cuus  College, 
^Tambridge,  and  to  Mr.  J.  B.  Sorivenor,  of  Hertford  Collie, 
Oxford,  for  invalnable  aMistanoe  in  sounding  Bala  Lake;  and  I  am, 
liesideB,  nnder  obligation  to  Mr.  Hall  for  help  in  other  portions  of 
-the  work. 


Topographi/  of  Mala  Lake  and  of  the  nallei/  in  teltich  it  ties. 

Bala  Lake  (see  Fig.  1),  the  largest  natuinl  sheet  of  water  in 
Wales,  is  nearly  four  miles  long  and  about  half  a  mile  wide.  It  is 
oblong  in  shape  and  unusually  regular,  the  two  sifles  being  remark- 
ably straight  and  parallel,  so  that  the  width  is  nearly  uniform 
throaghont.  The  straightness  of  the  sides  is  interrupled  only  by 
the  peninsulas  of  Llafar,  Llangower,  and  one  or  two  smaller  points ; 
and  all  of  these  are  mere  tongues  of  alluvium.  At  each  end  there 
19  a  wide  alluvial  plain,  ami  the  lake  owes  its  symmetry  partly, 
bat  not  entirely,  to  these  alluvial  deposits. 

On  February  19,  1885,  the  surface  of  the  water  was  determined 
by  the  Ordnance  Survey  to  be  o29-9  feet  above  Ordnance  Datum  ; ' 

'  Merionethshire  (6  imhcs  lo  I  mile) :  Qunrtor- sheets  xnn  S.W.,  siii  X.W.,  anil 
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and  on  August  3, 1899,  in  a  dry  season,  Mr.  Zitll  and  I  found  it  to 
be  15*3  feet  below  B.M.  543*7  (abont  a  mile  soQth-west  of  LImi- 
gower),  or  528*4  feet  above  O.D.  The  level  of  the  water,  therefore, 
seems  to  vary  but  little,  and  it  may  be  taken  as  about  530  feet 
above  the  sea. 

The  deptli  of  the  lake  is  stated  by  Ramsay  to  be  about  130  feet* 
On  August  1,  1899,  Mr.  Hall,  Mr.  Scrivener,  and  myself  took 
a  series  of  soundings,  and  the  greatest  depth  which  we  measured 
was  126  feet.  This  was  at  a  point  a  little  distance  north  of  the 
Llangower  peninsula. 

Our  soundings  were  taken  along  the  three  lines  shown  upon 
the  map  (Fig.  1).  As  they  were  made  with  '  water-oord,'  which 
is  liable  to  stretch,  they  are  not  exact,  but  (corrected  by  subsequent 
experiment)  they  are  probably  not  more  than  a  few  feet  out  in  any 
case.    All  the  sections  ^  (Fig.  2)  showed  that  the  sides  of  the  lake 


Fio.  2.— Sections  of  Bala  Lake  alonj?  the  lines  A-B  and  E-F  in  Fig.  1.     Scale 

(horizontal  and  vertical),  3  inches  =  1  mile. 

slope  inwards  at  an  angle,  which,  indeed,  is  not  very  steep ;  but  the 
bottoni  of  the  slope  is  well  defined,  and  the  central  portion  of  each 
section  is  nearly  flat.  The  maximum  depth  in  the  line  A-B  was 
(56  feet,  in  the  line  C-D  77  feet,  and  in  the  line  E-F  126  feet.  The 
floor  of  the  lake,  therefore,  appears  to  slope  from  north-east  to 
Houth-west,  that  is  to  say,  in  a  direction  opposite  to  the  present 
flow  of  the  water.  It  would,  however,  require  a  more  extended 
series  of  ohservations  to  prove  that  this  slope  is  continuous. 

In  the  paper  already  mentioned,^  Ramsay  assumes  that  there 
never  could  have  been  any  other  outlet  for  the  water  of  the  lake 
than  the  channel  of  the  Deo ;  and  because  the  Dee  flows  over  rock 
in  siiiX  at  a  higher  level  than  the  bottom  of  the  lake,  he  concludes 
that  the  lake  must  lie  in  a  rock  basin.  In  the  light  of  Mr.  Marr's 
recent  researches  on    the    tanis  and    lakes  of    Cumberland   and 

*  (iiiart.  J«nirn.  Gcol.  Soo..  vol.  xxxii  (1876),  p.  219. 

'  Our  posiiion-*  wire  det^nninfd  by  compa.Hs  l)r!iriii«rs  from  the  shore,  and  have  no 
prct'ii-ioii'*  to  pn(i>r  a«Hur:u y.  Tlu:  stttion  A-lJ  ami  the  south -uasU'rn  half  of  the 
.section  V.-V  WW  prolijiltly  cornet ;  hut  in  tlic  north -wfitt-ni  half  of  the  ik-ction  E-F 
the  iin;:lt"5  tif  int<TSLcti(in  \v.  n-  ««>iiuwhat  acute,  and  the  positions  of  the  sounding 
are  tlien-fore  ii<)t  ho  accurately  tixwl. 

'  "On  the  Physical  History  of  the  Doc,  Wales":  Quart.  Jonm.  Geol.  Soc., 
vol.  xxxii  (ISTC^'pp.  2iy-'22U.'  See  also  Mem.  Gcol.  Surv.,  vol.  iii  (1881),  2nd  ed., 
pp.  o 11-323. 
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Vvestmoreland,^  it  is  impossible  now  to  maintain  this  view  .withoat 
^  closer  examination  of  other  possible  outlets. 

Now,  although  Bala  Lake  empties  itself  through  the  Dee,  which 
"flows  in  an  easterly  direction  from  its  north-eastern  end,  this  is  not 
^wrhat  the  general  topography  of  the  district  would  lead  us  to  expect. 
'X'lie  lake  does  not  lie  in  the  continuation  of  the  Vale  of  Edeyrnion 
(as  the  valley  of  the  Dee  between  Llandderfel  andOorwen  is  called) ; 
but  it  lies  in  a  very  distinct  and  well-defined  valley  which  runs 
from  the  sea  at  Barmouth  in  a  north-easterly  direction  to  the  town 
of  Bala ;    and  this  valley  is  entirely  shut  ofif  from  the  Vale  of 
Edeyrnion  by  a  ridge  of  hills,  except  for  the  narrow  gorge  through 
which  the  Dee  now  flows.     This  great  valley  is  in  the  line  of  the 
Bala  fault,  and  from  Dolgelly  to  Bala  its  direction  is  S.W.-N.E., 
which  is  precisely  that  of  the  lake ;  while  the  general  direction  of 
the  Dee  for  several  miles  after  leaving  the  lake  is  nearly  west  to  east. 
It  is  true  that  the  actual  watershed  crosses  the  valley  at  Pant- 
gwyn,  and  that  on  the  one  side  the  waters  flow  into  Bala  Lake  and 
thence  to  the  Dee,  while  on  the  other  side  they  flow  into  Afon  Wnion 
and  finally  into  the  estuary  of  the  Mawddach.     But  the  watershed 
forms  no  feature  in  the  valley,  and  the  slope  which  determines  the 
direction  of  flow  is  so  slight  that  it  requires  a  very  careful  examina- 
tion of  the  streams  to  discover  the  position  of  the  water-parting. 
The  floor  of  the  valley  in  no  place  rises  to  a  greater  height  than 
774  feet  above  the  sea,  i.e.  about  374  feet  above  the  bottom  of  the 
lake.     The  depth   of  the  valley  near  this  point  is   entirely  out  of 
proportion  to  the  size  of  the  little  rivulets  which  now  flow  in  it. 

Continuing  the  line  of  the  valley  in  which  Bala  Lake  lies,  it 
leads  us  in  a  north-easterly  direction,  not  along  the  course  of  the 
Dee,  but  into  the  valley  which  is  now  occupied  by  Nant  Meloch 
and  its  tributary  from  Cors-y-Sarnau.  This  is  a  stream  which  flows 
from  north-east  to  south-west,  and  which  would  enter  the  lake  near 
Bala,  were  it  not  that  before  it  reaches  that  point  it  is  suddenly 
<leflected  almost  at  right  angles,  so  as  to  join  the  Dee  at  Melin 
Meloch. 

If  the  gorge  near  Llandderfel  were  blocked,  this  stream  would 
flow  into  Bala  Lake,  and  Bala  Lake  would  empty  itself  into  the 
Wnion  ;  and  we  should  have  a  continuous  flow  of  water  down  what 
is  now  undoubtedly  a  continuous  valley  running  from  north-east  to 
south-west. 

From  these  topographical  considerations  alone,  it  appears  probable 
that  the  drainage  of  the  district  ori<;inrtlly  flowed  in  this  direction, 
And  that  the  present  outlet  of  the  lake  is  of  subsequent  formation. 
Xn  favour  of  this  view  it  may  be  noted  that  at  the  foot  of  the  lake 
t-here  is  an  alluvial  plain,  which  is  even  more  extensive  than  that 
Xvhich  is  now  being  formed  at  its  head  ;  and  also  that  the  floor  of  the 
1  ake  appears  to  slope  from  north-east  to  south-west. 

*  See,  especially,  *'Thc  Tams  of  Lnkoland  "  :  Quart.  Journ,  Geol.  Soc,  vol.  li 
ri895},  pp.  30-48.  "  AcMifionul  Notes  on  flie  Tarus  of  Lakelaiur'  :  ibid.,  vol.  lii 
C1896),  pp.  12-16.  '*0i\  the  Lake  Basins  ol  Lnkeland "  :  Troc.  Geol.  Assoc, 
^ol.  liv  (1896),  pp.  273-286. 
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Ib  Bala  Lake  a  rock^haiin  ? 

There  are  only  three  direotions  in  which  we  can  leave  Bala 
Lake  and  travel  towards  the  sea  without  crossing  the  oontonr-line 
of  1,000  feet. 

The  first  of  these  is  north-east,  up  the  valley  of  Nant  Melodh,  and 
along  the  road  to  Corwen,  where  the  greatest  height  to  which  we  are 
compelled  to  rise  is  891  feet,  about  1^  mile  from  Bethel  Inn. 

The  second  is  east,  along  the  course  of  the  Dee;  and  this  is 
necessarily  a  continuous  descent. 

The  third  is  south-west,  along  the  valley  of  the  Bala  fault,  where 
we  can  reach  the  sea  without  ever  rising  higher  than  774  feet. 

Elsewhere  the  lake  is  completely  shut  in  by  the  1,000  foot  contour* 
line,  and  there  is  no  reason  to  suspect  the  existence  of  any  former 
outlet. 

I  have  not  examined  very  closely  the  valley  of  Nant  Melooh; 
but  I  believe  that  in  this  direction  the  rocky  floor  rises  considerably 
above  the  level  of  the  bottom  of  the  lake.  Even  now,  where  the 
bottom  of  the  valley  is  600  or  700  feet  above  the  sea,  the  valley  is 
narrow  and  steep-sided,  and  it  seems  improbable  that  the  solid 
floor  lies  two  or  three  hundred  feet  below  the  present  level.  The 
valley,  however,  deserves  a  more  careful  examination  than  I  have 
been  able  to  give  it 

If  we  follow  the  present  course  of  the  Dee  from  Bala  Lake,  we 
pass  first  over  a  wide  alluvial  plain  until  we  near  the  ridge  which 
crosses  the  line  of  the  river  at  Bodweni,  about  2|  miles  east  of  Bala. 
Here  the  Dee  enters  a  narrow  and  rather  steep-sided  gorge,  and 
is  closely  hemmed  in  by  hills  of  solid  rook ;  and  a  little  farther  on, 
the  bed  itself  is  formed  of  rock  at  a  height  of  about  495  feet  above 
the  sea,  or  95  feet  above  the  bottom  of  the  lake.  So  narrow  is  the 
valley  at  this  point,  and  so  close  lie  the  exposures  of  solid  rock, 
that  there  seems  to  be  no  room  for  any  drift-filled  gorge ;  and  there 
can  be  but  little  doubt  that  in  this  direction  at  least,  as  Ramsay 
pointed  out,  the  lake  is  rock-bound. 

South-westerly,  however,  along  the  line  of  the  Bala  fault,  it  is 
impossible  to  prove  that  the  solid  floor  of  the  valley  is  at  any  point 
higher  than  the  bottom  of  the  lake.  Following  upwards  the  course 
of  the  Dyfrdwy,  we  find  that  at  Tal-y-bont  the  stream  flows  over 
rock  in  sM  at  a  height  of  more  than  GOO  feet.  But  the  valley  here 
is  very  wide,  and  for  many  hundred  yards  south-east  of  the  stream 
there  is  nothing  to  bo  seen  but  drift.  It  is  quite  possible,  therefore, 
that  another  channel  may  exist  which  is  now  concealed. 

No  more  rock  is  exposed  in  situ  in  the  bottom  of  the  valley  until 
wo  have  passed  the  watershed  and  proceeded  down  the  other  slope 
to  Drws-y-nant-isaf.  A  few  hundred  yards  below  the  railway 
station  the  river  runs  in  a  little  rocky  gorge,  the  floor  of  which  is 
also  made  of  rock  ;  and  the  height  of  this  floor  is  about  460  feet 
above  the  sea,  that  is  to  say,  about  GO  feet  above  the  bottom  of  the 
lake.  But  at  this  point,  exactly,  in  fact,  where  it  enters  the  gorge. 
the  river  has  left  the  line  of  the  Bala  fault  and  has  been  deflected 
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the  right ;  while  in  the  direct  line  there  is  a  slight  depression, 
bich  is  certainly  filled  with  drift,  however  deep  or  shallow  that 
ift  ma  J  he. 

Here,  again,  it  is  impossihle  to  assert  that  the  solid  floor  of  the 
llej  is  higher  than  the  bottom  of  the  lake.  And  as  no  more 
ok  is  seen  in  ailii  until  we  pass  below  the  level  of  the  lowest  point 

the  lake,  we  are  compelled  to  admit  that  in  this  direction  there 
no  certain  evidence  that  the  lake  is  rock- bound. 
So  far,  then,  as  this  evidence  goes,  Bala  Lake  may  have  been 
-med  in  the  same  way  as  the  lakes  of  Cumberland  and  West- 
>reland.  The  sections  show  that,  like  them,  it  is  a  submerged 
rer  valley.  Its  general  direction  and  the  slope  of  its  bed  indicate 
%t  the  valley  of  which  it  is  a  portion  is  the  valley  of  the  Bala 
lit.  Originally,  no  doubt,  the  waters  drained  south-westward  into 
3  sea  at  Barmouth  (or,  perhaps,  at  Towyn).  But  the  channel 
18  subsequently  blocked,  and  the  drainage  of  the  upper  portion 
k8  forced  to  seek  a  fresh  outlet. 

I  shall,  however,  give  reasons  for  supposing  that,  although  the 
1  channel  may  have  been  choked  by  drift,  the  reversal  of  the 
unage  was  due,  at  least  iu  part,  to  earth- movements ;  and  that 
was  these  earth-movements  which  determined  the  position  of  the 
ktershed. 

Bdation  of  the  Faults  to  the  Valley  and  to  the  Watershed. 

That  the  valley  to  which,  as  we  have  seen,  Bala  Lake  belongs, 
in  the  line  of  a  great  fault,  has  loug  been  known ;  and  the  fault 
represented  on  the  Survey  maps  as  passing  down  the  middle 
the  lake.  It  lies,  I  believe,  more  nearly  along  the  south-eastern 
>re,  and  the  opposite  shore  coincides  with  the  line  of  a  second  fault, 
lich,  like  the  former,  luis  its  downthrow  towards  the  lake.  Thus 
)  lake  lies  in  the  continuation  of  a  trough,  and  its  two  sides 
ncide  or  nearly  coincide  with  the  two  faults  enclosing  the  trough. 
South  of  Pant-gwyn  the  valley  is  very  narrow.  Its  north-western 
le  is  formed  of  volcanic  rocks,  which  are  usually  supposed  to  be  of 
enig  age,  while  the  south-eastern  side  is  formed  of  Middle  Lingula 
ds  containing  Lingulella  Davisi,  But  the  floor  of  the  valley  is 
Qcealed  by  drift  and  alluvium,  and  there  is  nothing  to  indicate 
a  exact  position  of  the  fault  which  undoubtedly  exists,  nor  is 
ere  any  evidence  to  show  whether  this  fault  is  simple  or  compound. 
At  Pant-gwyn,  however,  the  valley  opens  out ;  the  faults  are 
uch  more  clearly  seen,  and  here  they  form  a  complex  system 
hich  we  shall  now  proceed  to  examine.  (Fig.  3.) 
It  is,  perhaps,  unnecessary  to  give  in  detail  the  evidence  on  which 
ese  faults  are  drawn.  It  will  almost  be  sufficient  to  say  that, 
general,  wherever  the  volcanic  series  exists,  it  is  conspicuously 
'ible,  and  it  is  an  easy  matter  to  trace  its  boundary. 
The  slates  below  the  volcanic  series  are  also  well  enough  exposed, 
it  is  different  with  the  post- volcanic  slates  in  the  valley ;  and 
c=kiany  of  the  exposures  of  these  beds  are  difficult  to  find,  it  may 
^^ell  to  enumerate  them. 

DlCADl   IT. — TOL.    Til. — NO.    T.  \V 
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Fio.  3.— Geological  Map  ot  the  \iillej'  of  the  Bala  Fault. 
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On  ihe  soath-east  side  of  the  valley,  these  slates  are  yisible  close 
the  Bala  fault  at  Oilgellan,  and  again  between  Cefn-gwyn  and 
wm-onen.  They,  as  well  as  all  the  other  rooks,  are  well  exposed 
n  and  near  Afon  Dwmado.^  They  ooour  also  in  the  banks  of 
i  small  stream  about  300  yards  below  Bryn  Amlwg ;  and  again, 
slose  to  the  Bryn  Amlwg  patoh  of  volcanios,  in  the  streamlets  near 
.he  transverse  fault. 
On  the  other  side  of  the  valley,  the  slates  are  found  in  the  farm- 
ard  of  Pant-gwyn.  They  are  well  exposed  in  the  triangular  patoh 
:fonr  or  five  hundred  yards  north-west  of  that  farm;  and  in  the 
IKyfrdwy  they  are  seen  to  overlie  the  volcanic  series,  dipping 
S.  of  E.  (true)  at  an  angle  of  38^.  They  occur  also  in  the  quarry 
ear  Ty-mawr  and  in  the  bed  of  the  river  close  to  Tal-y-bont 
In  the  neighbourhood  of  Llwyn-gwem  these  slates  are  visible  in 
^several  places,  and  the  volcanic  series  dips  beneath  them.  South- 
^aast  of  Llannwchllyn  also,  in  the  valley  of  Afon  Twrch,  the  slates 
^nd  ashes  are  clearly  shown,  and  the  ashes  dip  beneath  the  slates ; 
%ut  the  boundary  is  here  more  complex  than  is  represented  upon 
^he  map,  being  faulted  by  a  series  of  little  faults  of  which  only  one 
-^>r  two  are  indicated. 

The  north-to-south  fault  which  lies  east  of  Drws-y-nant-uchaf 
'Ss  plainly  visible  in  the  stream  300  yards  above  the  farm,  where  it 
brings  black  slates  (presumably  Upper  Lingula)  on  its  eastern  side 
«nto  contact  with  Middle  Lingula  Flags  (containing  lAngulella  Davisi) 
■^>n  its  western  side.  The  eastern  is  therefore  the  downthrow  side, 
^«ind  as  the  hade  is  towards  the  west  the  fault  is  reversed.  The 
crushing  due  to  this  fault  is  also  seen  in  the  little  rivulet  some 
^00  yards  north-east  of  the  farm. 

The  fault  which  is  drawn  between  Moel  Caws  and  Creigiau 
TLlwyn-gwern  nowhere,  so  far  as  is  visible,  brings  beds  of  different 
-character  into  contact  with  each  other,  and  is  inserted  upon  less 
'Evidence  than  the  rest.  But  I  venture  to  think  that  few  who 
examine  the  remarkable  little  valley  in  which  it  lies  will  be  disposed 
^0  deny  the  existence  of  this  fault. 

The  evidence  for  the  other  faults  is  manifest  upon  the  map,  and 
Kieed  not  here  be  recapitulated.  In  most  ca»es  the  position  and 
<iirection  can  be  fixed  with  considerable  accuracy,  but  seldom  so 
J3recisely  as  to  determine  which  of  two  intersecting  faults  displaces 
^  be  other.  It  may  be  noted  that  the  fault  which  crosses  the  Dwrnudo 
^00  yards  above  Llechwedd-fwyalchen  is  probably  continued  for 
A  considerable  distance  in  both  directions. 

One  or  two  patches  of  intrusive  rock  exist  besides  that  which  is 
«hown  upon  the  map.  Qranophyre  occurs  on  both  sides  of  the 
^ala  fault  at  several  points  north-east  of  Drws-y-nant-uchaf,  but  is 
too  imperfectly  exposed  to  be  satisfactorily  mapped.  There  are  also 
some  masses  of  intrusive  rock  on  the  left  bank  of  the  Dyfrdwy, 
'^©ar  Rhyd-y-drain  ;  but  these  have  not  yet  been  examined  in  detail. 

*  Afon  Dwrnudo  is  the  stream  which  flows  past  Llechwedd-fwyalchen. 
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Fio.  1. — I)ia;;rr;iiii  ot  tht-  Balii  Fault:*. 


In  the  jiccompauying  (liagram  ol"  tbe  faults  (Fig.  4),  the  tlowutbn 
side  of  cacli  (when  it  is  known)  is  shaded,  and  the  bottom  of  t 
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vdl«y  ia  JDdioatod  by  a  heavy  lino.  Some  of  the  fknlta  are  oontinned, 
in  their  probable  directions,  into  the  area  wbioh  is  now  concealed 
by  drift  and  alluTium  ;  and  an  additional  fbnit  (N)  is  inserted  wbiob 
■I  not  shown  npon  the  geologioal  map.  The  ezistenoe  of  this  ia 
somewhat  doubtful,  but  the  foot  of  the  bills  is  here  so  extraordinarily 
straight  that  I  cannot  help  suspeoling  that  it  ooinoidea  with  a  line 
of  fanlt. 

A  oompariaon  of  this  diagram  with  the  topographioat  map  (Fig.  5) 
wUl  show  that  the  actual  oontour  of  the  ground  agrees  very  oloaely 
with  the  contour  whiob  would  be  prodaoed  by  the  faulta,  if  it  were 
determined  by  them  alone.  It  is  tme  that  a  few  of  the  faults,  snoh 
u  that  near  Drwa-y-nant-uohaf,  have  no  effect  upon  the  snrfiwe. 


-= — =Kr^ 


Fio.  6. — Sketch-map  of  tlie  tjipography  of  the  vallfv  of  tbe  Bsla  Fault 
lienr  tha  BaUrahecl. 

I'Ut  generally  each  fault  is  marked  by  a  more  or  less  sudden  ohango 
**'  slope,  and  the  ground  on  the  downthrow  side  of  the  fault  lies 
'"wer  than  that  on  the  upthrow  siiJe.  This  is  sometimea  well  shown 
^^en  where  the  rock  ia  similar  in  character  on  both  sides  of  the 
^»lt.    Attention  may  be  drawn,  for  example,  to  the  fault  west  of 
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It  will  be  obiferved  that  several  of  the  most  important  faolts 
parallel  to  the  general  direction  of  the  valley,  some  on  one  side 
some  on  the  other,  and  that  in  most  oases  the  downthrow  of 
faults  is  towards  the  valley ;  the  only  exceptions  are  the  firal 
D  and  E,  whioh  indeed  are  not  parallel  to  the  valley,  bnt  are  near! 
so,  and  are  placed  symmetrically  with  regard  to  it.    In  these  t 
cases  the  downthrow  is  away  from  the  valley. 

There  is  also  a  series  of  transverse  or  obliqae  fianlts,  and 
throw  down  either  towards  Bala  Lake  or  towards  the  bottom  e 
the  valley. 

Except  for  a  wide  carve,  convex  towards  the  north-west,  t 
whole  of  the  valley  north  of  Pant-gwyn  is  enclosed  between 
outermost  of  the  longitudinal  faults — the  Bala  fault  (A)  on  the  on 
hand  and  the  fault  B  on  the  other ;  and  both  of  these  throw  dow 
towards  the  centre  of  the  valley.  Moreover,  the  fault  B,  if  pro- — 
duced,  coincides  precisely  (as  is  very  clearly  seen  in  the  field  fronu. 
a  position  near  its  southern  end)  with  the  north-west  shore  of  Bali^ 
Lake.  The  Bala  fault  is  dislocated  at  several  points,  but  if  th&^ 
northernmost  portion  be  continued  in  a  straight  line  it  will  be  found 
to  lie  nearly  parallel  to  the  south-east  shore  of  the  lake,  but  somer- 
distance  within  the  water's  edge. 

Without  any  aid  from  denudation  these  faults  would,  of  themselves — 
alone,  form  a  valley  very  similar  to  that  which  now  exists ;  and  if^ 
we  take  into  account  the  oblique  faults  F,  M,^  and  L  and  the  doubtful 
fault  N,  even  the  convex  bend  of  the  valley  out  of  its  regular  oonrse- 
may  be  explained  as  directly  due  to  the  faulting. 

The  general  shape  of  the  valley  is,  in  fact,  not  unlike  that  which 
the  faults  themselves  might  be  expected  to  produce.     But  it  must.- 
be  allowed  that  the  form  produced  by  the  faults  has  been  consider- 
ably modified  by  subsequent  denudation ;  and  it  is  difficult,  if  no 
impossible,  to  determine  how  far  the  present  configuration  is  to 
attributed  to  the  direct  effect  of  the  faults  and  how  far  to  tliei 
influence  in  guiding  denudation.     The  relation  of  the  faults  to  th 
configuration  of  the  ground  is,  however,  so  close  that  they  must 
either  directly  or  indirectly,  be  the  cause  of  that  configuration. 

Even  if  we  assume  that  the  valley  has  been  actusdly  formed  by 
the  faults  themselves,  it  is  by  no  means  necessary  to  suppose  tha 
it  is  80  old  as,  for  example,  the  Bala  fault.     A  comparatively  small 
movement  along  this  fault,  perhaps  long  after  its  original  formation, 
would  be  sufficient  to  account  for  all  the  phenomena  so  far  as  it  i 
concerned. 

The  transverse  fault  at  Pant-gwyn  is  particularly  interesting. 
Its  downthrow  is  towards  the  north-east,  that  is,  towards  Bala  Lake; 
and  it  appears  to  form  the  southern  end  of  the  trough  produced 
by  the  longitudinal  faults.  On  the  north-west  bank  of  the  valley  th 
ground  is  much  higher  on  the  upthrow  side  of  the  fault  than  o: 
the  downthrow  side.  But  this  is  not  the  case  on  the  south-east  bank. 
Yet  here,  near  the  bottom  of  the  valley,  drift  on  the  downthro 

*  It  should  be  noted  tbat  there  is  no  evidence  to  show  which  is  the  downthrow 
side  of  either  Moris. 
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e  is  in  oontaot  with  solid  rook  on  the  npthrow  sidOi  and  it  is 
idble  that  the  fault  produoes  its  full  effeot  upon  the  solid  floor, 
weyer  this  may  be,  the  fault  ooinoides  very  olosely  with  the 
tershed  in  the  valley.  No  water  orosses  it  except  a  single 
aamlet,  and  this  rises  only  a  yard  or  two  away. 
97hatever  the  reason  may  be,  therefore,  we  may  safely  say  that 
•  valley  north  of  Pant-gwyn  lies  in  the  trough  between  two 
Its,  and  that  this  trough  is  closed  at  its  southern  end  by 
xansverse  fault,  which  ooinoides  with  the  watershed  crossing 
»  valley ;  and  further,  that  many  of  the  other  faults  apparently 
Mlnoe  on  the  surface  of  the  ground  an  effect  which  is  similar 
kind,  if  not  in  degree,  to  that  which  they  produce  on  the  strata 
imselves. 

rhat  these  coincidences  are  accidental  is,  to  say  the  least, 
probable;  and  a  simple  explanation  appears  to  be  that  the 
ley  was  blocked  out,  so  to  speak,  by  the  faults  themselves,  and 
t  the  form  so  produced  has  been  somewhat  modified  by  subsequent 
mdation. 

[n  advancing  this  view  I  am  aware  that  it  attributes  to  the  faults 
Qore  direct  influence  upon  the  topography  than  many  geologists 
11  be  disposed  to  allow.  But  although  most  valleys  may  have 
)n  carved  out  by  rivers,  it  is  impossible  to  deny  that  some  have 
»n  formed  by  faults. 

[t  may  be  urged  that  since  the  formation  of  the  faults  there  must 
re  been  a  vast  amount  of  denudation  which  would  obliterate  their 
K)t  upon  the  surface.  But  whore  erosion  exceeds  deposition,  the 
denoy  of  subaerial  denudation  is  to  accentuate  rather  than  to 
iterate  inequalities.  Moreover,  the  evidence  of  the  age  of  the 
Its  is  extremely  slight,  and  there  is  nothing  to  show  that  no 
vement  has  taken  place  along  them  in  comparatively  recent 
les.^  I  shall  show  subsequently  that,  however  the  valley  may 
re  been  formed,  it  was  probably  not  in  existence  when  the 
inage  system  of  the  district  was  first  established. 

{To  be  concluded  in  our  next  Number.) 

III. — Plant-stems  in  the  Guttannen  Qneiss. 

By  Professor  T.  G.  Bonnbt,  D.Sc,  LL.D.,  F.R.S. 

N  important  paper  ^  on  the  reputed  occurrence  of  fossil  plant* 
.  stems  in  gneiss  of  Carboniferous  age  at  Guttannen,  Switzerland, 
Messrs.  E.  v.  Fellenberg  &  C.  Schmidt,  for  a  copy  of  which 
m  indebted  to  the  courtesy  of  the  authors,  closes,  if  their  view 
adopted,  a  comedy  of  errors.  On  this  account  a  brief  outline 
the  story  may  be  of  service ;  for  it  reduces  this  supposed  relic 
Palaeozoic  forests  to  a  luaus  naturae  and,  in  any  case,  once  more 
istrates  the  truth  of  the  saying,  *'  we  are  all  fallible  mortals." 

It  may  be  noted  that  Mr.  C.  Davison's  researches  on  earthquakes  in  Great 
ain  seem  to  indicate  that  even  at  the  present  time  slips  occasionally  take  place 
ig  faults  which  are,  in  their  origin,  of  very  ancient  date. 
E.  V.  Fellenberg  &  C.  Schmidt,  **Neucre  Untersuchungen  iiber  den  st^en. 
nm  im  Qneisse  von  Guttannen'' :  Separat-Abdruck  aus  den  Mitt,  dei  'K^tvovyc^. 
all.  in  Bern,  Jahrgan^  1898, 
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The  gneiss-plant's  first  introdaotion  to  English  llteratuTe  was» 
I  think,  in  1890,  when  Professor  Helm,  in  a  oontroversial  note 
appended  to  my  paper  on  "Crystalline  Sohists  and  their  relation 
to  Mesozoio  Books  in  the  Lepontine  Alps,"  ^  oited  it  as  a  proof  that 
gneiss  of  Paladozoio  age  existed  in  the  Central  Alps;  but  it  was 
described  and  figured  by  Baltzer'  two  years  earlier  in  the  offloial 
piiblioation  of  the  Swiss  Geological  Survey.  I  had,  however, 
examined  the  specimen  when  visiting  the  Museum  at  Heme  in 
August,  1889,  and  oan  best  desoribe  its  aspect  and  the  impression 
it  produced  on  me  by  an  extract  from  my  diary.  "The  rook 
is  a  purplish-grey  colour,  rather  fine-grained  as  a  rule,  containing 
numerous  small  plates  of  brown  mica,  many  white  spots  rather 
angular  in  outline,  apparently  felspar,  and  quartz,  in  the  matrix. 
One  or  two  quartz  veins  traverse  the  block.  The  rock  at  first  sight 
is  wonderfully  like  a  gneiss.  It  has  evidently  been  oompressed, 
resulting  in  a  sort  of  foliation  or  rude  deavage,  with  a  brown 
slickensided  look  on  the  surfaces  of  the  supposed  organisms  (of.  the 
Obermittweida  conglomerate,  Reusch's  Scandinavian  fossils  in 
Silurian  'schists,*  etc.).  The  rock  does  not  exactly  resemble  any 
gneiss  I  have  seen  in  the  Alps.  Though  I  cannot  be  quite  sure  that 
I  detected  extraneous  fragments,  I  thought  I  did.  The  matrix  varies 
somewhat  from  coarse  to  fine,  as  one  traces  it  through  the  mass,  and 
its  ultimate  groundmass  or  'paste'  has  a  slightly  muddy  look. 
In  short,  the  rock  reminded  me  very  much  of  some  of  the  best 
'  imitative  crystallines '  of  Yernayaz,  and  I  suspect  that  it  is  really 
an  infolding  of  Palseozoio  or  Mesozoio  'arkose.'  The  tree  stems 
are  two  in  number,  with  obscure  traces  of  what  may  be  a  third ; 
the  largest  about  5  feet  long  by  8  inches  wide ;  it  rises  in  a  low 
curve,  with  a  sagitta  of  about  3  inches.  There  are  some  indications 
of  cross  markings  like  the  stems  of  calamites ;  no  ribbings  or  leaf- 
soars  that  I  noticed.  In  short,  they  are  obscure  markings,  but 
I  think  it  more  likely  that  they  indicate  vegetable  remains  than 
that  the  rock  is  a  member  of  the  crystalline  series."  The  opinion 
thus  formed  was  expressed  in  a  note  on  Professor  Heim's  comments 
appended  to  the  above-named  paper.' 

I  determined,  however,  to  make  a  fuller  investigation  of  the 
question,  and  in  1891  found  an  opportunity  of  visiting  Guttannen, 
in  company  with  my  friend  Mr.  J.  Eccles,  P.G.S.  On  my  way 
from  England  I  halted  at  Berne  to  make  another  examination  of 
the  specimen  in  the  Museum.  The  note,  written  on  the  spot,  is 
practically  an  epitome  of  that  already  quoted,  with  the  addition 
that  "  one  stem  appears  to  have  a  kind  of  '  bark,'  not  graphite,  but 
dark  carbonaceous  matter,  as  if  coaly  material  were  mixed  with 
mud.  The  outer  surface  has  a  sort  of  brown  glaze  (irony)  over  it, 
and  so  has  the  inner  one."  At  Guttannen  we  examined  the  outcrops 
of  the  supposed  Carboniferous  gneiss  on  the  eastern  side  of  the 
valley,  with  some  of  those  on   the  western,  together  with  many 

*  Quart.  Joum.  Geol.  Soc,  yoI.  ilvi,  p.  237. 

*  Beitrkge  zur  geol.  Karte  der  Schweiz,  Lief.  xiW  (1888),  pt.  4,  p.  161. 
'  Qoart.  Journ.  Geol.  Soc.,  vol.  ilvi,  p.  238. 
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Brratio  blocks,  inolnding  that  from  whioh  the  Berne  specimen  was 
said  to  have  been  taken. 

lliis  field  work  ^  and  subsequent  microscopic  study  of  specimens 
strengthened  my  conviction  that  the  rock  was  an  '  arkose '  of 
naterials  from  crystalline  rocks,  and  thus  only  an  imitation  of  a 
^eiss.  ^  I  may  add  that  the  other  possibility — that  these  objects 
ivere  not  really  plants,  but  imitative  markings,  produced  by  earth 
novements  in  a  truly  crystalline  rock— had  been  present  to  mj 
oind  throughout.  It  would  have  saved  me  from  wasting  ray  time 
»j  a  journey  to  Quttannen,  so  that,  if  I  could,  I  would  gladly 
lave  adopted  it.  But  the  markings  were  accepted  as  plaiits  by 
he  experts  of  the  Swiss  Survey,'  and,  so  far  as  I  could  form  an 
opinion,  on  good  grounds,  while  the  clastic  structure  of  the  rock 
»n  the  whole  appeared  to  be  original  rather  than  superinduced. 
Moreover,  the  grounds  on  which  Herr  Schmidt  claimed  the  rock 
or  a  tme  gneiss  appeared  to  me,  as  I  pointed  out  in  my  paper,* 
lefeotive  in  more  than  one  respect. 

Still,  though  this  visit  to  Guttannen  strengthened  my  conviction, 
aicrosoopio  study  of  the  specimens  did  not,  as  I  had  hoped,  place 
he  matter  beyond  ail  question.  So  in  the  Summer  of  1895  I  again 
risited  Outtannen,  this  time  in  company  with  my  friend  the 
iev.  Edwin  Hill,  F.Q.S.,  and  now  more  especially  examined  the 
vestem  flank  of  the  valley.  Everywhere  the  so-called  Carboniferous 
pieiss  had  a  grit-like  aspect,  including  a  not  unfrequent  change 
n  coarseness  perpendicular  to  the  occasional  banded  structure.  In 
»ne  place  we  found  a  thin  band  of  rock  resembling  a  dark  phyllite, 
)Ut  no  conglomerate.  We  traced  the  *  Carboniferous  gneiss  ' 
lorth wards  nearly  up  to  its  junction  with  the  ordinary  gneiss  of 
he  district,  the  difference  between  them  being  very  marked. 
Phough  the  field  work  strengthened  rae  in  the  view  which  I  had 
ilready  expressed,  complete  demonstration  was  again  wanting 
ind  was  not  supplied  by  a  microscopic  study  of  the  specimens 
^llected.  Among  other  things,  the  supposed  phyllite  band  exhibited 
nch  indications  of  crushing  as  to  make  it  an  untrustworthy  witness. 

I  determined,  however,  to  make  a  third  attempt  to  obtain 
[ecisive  evidence.  According  to  the  Swiss  geological  map  this 
;one  of  *  Carboniferous  gneiss  '  crosses  the  Urbach  Thai,  just  about 
he  foot  of  the  Gauli  Glacier.  So  in  the  Summer  of  1897  I  planned 
i  visit  to  this  locality  in  company  with  Mr.  J.  Parkinson,  F.G.S. 
[lie  walk  to  the  foot  of  the  glacier,  from  Im  Hof,  the  nearest 
lalting-place,  and  back,  takes  about  eight  hours,  so  our  time  for 
tudying  the  gneiss  was  rather  limited.  The  result  of  this^ 
^nd    of    subsequent    microscopic    examination    of    specimens    was 

*  About  a  month  later  I  visited  Vernayaz  to  look  once  more  at  the  well-known 
'arboniferous  infold,  parts  of  which  Bometimes  curiously  resemble  cr}'stalline  rocks  ; 
his  time  examining  it  as  far  as  the  T<\to  Noire. 

'  This  conclusion  and  the  reasons  are  fully  stated  in  a  paper  (Quart.  Journ.  Geol. 
?oc.,  vol.  xlviii,  p.  390). 

*  Beitrage,  ut  supra,  pp.  164-8. 

*  Ut  supra,  p.  395. 

*  On  another  day  we  spent  a  little  time  at  Guttannen. 
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disappointing.  A  truly  olastio  origin  was  oonatantly  anggeated,  bat 
was  not  pliuoed  beyond  dispute.  Shortly  afterwards  we  ▼iaited  the 
Museum  at  Berne,  and  again  examined  the  famons  stems.  Pieces 
had  been  cut  from  the  ends,  probably  for  the  investigation  undertaken 
by  Messrs.  Von  Fellenberg  and  Schmidt  One  passed  through  the 
longer  stem,  affording  a  crescentic  section,  and  disclosed  a  third, 
circular  in  outline  and  much  smaller.  I  wrote  thus  in  my  diaiy: 
"  Both  '  stems '  seem  occupied  by  a  material  slightly  darker, 
greener,  and  compactor  than  the  rest  of  the  block.  In  places 
there  is  about  0-1"  or  0*15"  of  a  phyllite-like  aubstanoe,  where 
'  bark '  should  be  on  the  stem,  llie  outer  curve  of  the  stem 
appears  not  to  enter  the  stone  like  a  fracture  would  do,  but  more 
as  a  fossil.  The  bark- like  appearance  is  very  conspicuous  in  the 
upper,  smaller,  and  'indented'  stem  on  the  face  of  the  block. 
This,  neither  in  shape,  nor  in  aught  else,  looks  like  a  '  roll  * 
in  the  rook.  There  are  two  or  three  surfaces  of  mechanical 
division,  but  they  do  not  appear  to  be  the  same,  and  the  glaze  on 
them,  which  can  also  be  traced  in  parts  of  the  stem,  seems  a  mere 
film."  After  noting  one  or  two  other  matters,  I  conclude  thus : 
"  If  plants,  they  are  very  rough  and  ill  preserved  ;  but  if  the  result 
of  mechanical  movements,  they  are  of  a  most  extraordinary  and 
exceptional  nature,  and  the  rock  certainly  has  the  look  of  an 
'  arkose '  i-ather  than  of  a  true  gneiss." 

In  the  memoir  before  us  Messrs.  Von  Fellenberg  &  Schmidt 
give  the  results  of  the  investigation  which  was  no  doubt  in  process 
at  the  last-named  date.  It  is  illustrated  by  seven  plates  containing 
nine  figures,  giving  excellent  representations  of  the  supposed 
remains,  both  as  formerly  visible  and  as  disclosed  by  the  new 
seotioQB.  The  latter  are  cut  from  both  the  upper  and  lower  ends 
of  the  longest  stem,  which,  as  we  can  observe  in  the  photograph, 
has  an  exti-aordinary  resemblance  to  a  plant.  From  a  cross  cnt 
the  outline  is  seen  in  one  case  to  be  an  oval,  rudely  flattened  on 
one  side,  in  a  second  very  rudely  crescent- shaped,  and  in  a  third 
nearly  circular.  The  core  of  the  enclosure,  a  very  tough  and 
compact  material,  blackish  green  in  colour,  proves  to  be  an 
amphibolite ;  for  it  is  composed  almost  entirely  of  short  columnar 
grains  of  hornblende,  between  which  lie  allotriomorphio  water-dear 
felspars,  solitiiry  scales  of  muscovite,  zoisite  in  thread-like  clusters, 
and  numerous  grains  of  magnetite  with  jagged  edges.  The  compact 
exterior  (the  supposed  bark)  is  described  as  practically  composed 
of  biotite.  Herr  Schmidt  has  also  examined  the  surrounding  rock, 
and  maintains  the  accuracy  of  his  description  already  published.* 
In  regard  to  the  mineral  constituents  it  agrees  with  what  I  have 
seen  in  specimens  believed  to  come  from  another  part  of  the  block, 
especially  with  reference  to  the  rather  remarkable  changes  in  texture, 
though  in  my  specimen  the  felspar  is  rather  more  converted  to 
sericite,  and  the  *  mortelstruotur '  is  less  noteworthy  or  characteristio 
than  in  the  slices  which  he  describes.     The  block  is  traversed  by 

^  Log.  cit.,  p.  164. 
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quartE  Tcins  and  exhibits  (as  illustrated  by  a  photograph)  irregular 
folds,  the  orests  of  which  are  roughly  parallel  with  the  supposed 
stem,  besides  other  meohanioal  disturbanoe.  The  result  of  the 
investigatioii,  into  the  more  minute  details  of  which  it  is  needless 
to  enter,  is  summed  up  in  the  following  words:  ''Der  Termeintliohe 
Stamm  ersoheint  als  ein  Amphibolit-Einschluss,  der  beim  Faltungs- 
prooess  gewalzt  worden  ist " :  in  other  words  it  is  not  a  fossil  plant, 
but  a  luMUB  %aium. 

The  authors,  however,  leaye  without  notice  some  interesting 
qaestions.  We  should  welcome  some  explanation  of  these  isolated 
and  singularly  shaped  portions  of  hornblendio  rock  in  a  mass  which 
elsewhere  is  generally  without  that  mineral.  Are  we  to  regard 
them  as  brancbes  of  an  intrusive  vein  of  dioritic  rock,  rolled  round 
and  perhaps  broken  up  by  mechanical  movements;  or  were  they 
originally  concretions,  somewhat  similarly  afifected,  and  if  so,  how 
are  they  to  be  explained  ?  These  questions  the  authors  dismiss  with 
the  brief  remark  that  such  hornblendic  inclusions  are  common  in 
the  Guttannen  gneiss.  That  may  be  so,  but  I  cannot  remember 
to  have  observed  another  instance,  and  in  the  rock  itself  hornblende 
is  seldom,  if  ever,  present.  In  no  one  of  twenty-four  slices  in  my 
cabinet,  three  of  them,  according  to  report,  from  the  same  block 
as  the  specimen  at  Berne,  cun  I  find  an  indubitable  grain  of 
hornblende.  Again,  what  explanation  must  we  give  of  the  biotite 
'  skin,'  which  so  curiously  luimics  a  '  bark.'  Was  it  a  contact 
product  of  the  j^eiss  and  the  ainphibolite,  or  a  secondary  result 
of  their  juxtaposition  and  of  mechanical  disturbances?  Yet  more, 
how  do  we  account  for  the  curious  petrographical  character  of  the 
so-called  Carboniferous  gneiss,  which  is  so  distinctive  as  to  catch 
the  eye  at  once  in  the  field,  and  to  have  led  the  official  geologists 
of  Switzerland  to  distin<^uish  it  from  the  otlier  gneisses  of  the 
region?*  I  am  fairly  well  acquainted  with  Alpine  gneisses,  and  this 
one,  so  far  as  I  can  remember,  differs  from  all  others  known  to  me. 
The  •  raortelstructur '  also,  exhibited  by  certain  specimens  from 
Guttannen,  appears  to  me  abnormal.  From  the  majority,  which 
neither  resemble  true  gneisses  nor  those  called  mylonitic,  it  is 
absent ;  in  the  few,  where  it  occurs,  the  presence  of  a  fragment 
seems  possible. 

But  I  must  admit  that,  though  some  aspects  of  the  problem  seem  to 
have  been  overlooked  by  the  authors,  their  petrographical  description 
of  this  Guttannen  gneiss  makes  it  impossible  that  these  structures 
can  be  the  remains  of  plants.  Hence,  whatever  the  rock  may  be, 
they  cease  to  have  any  special  interest.  They  do  not  reveal  its 
geological  age,  and  the  inferences  founded  on  them  are  fallacious. 
That  a  mistake  had  been  made,  I  was  confident  from  the  first ;  but 
of  the  two  possible  explanations  of  it  1  have  apparently  adopted  the 
wrong  one.  Though  1  naturally  regret  this,  1  cannot  but  rejoice 
at  the  effectual  laying  of  another  metamorphic  spectre,  and  for  that 
we  are  deeply  indebted  to   Messrs.  Von  Fellenberg  and  Schmidt. 

*  Near  Guttannen  they  term  it  Scritische  Phyllite,  an  inappropriate  name^  a*. 
I  onderetand  Phyllite. 
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But  I  may  be  allowed  to  remark  that  their  exorcism  comet  rather 
•late  iu  the  day.  Such  an  investigation  oaght  to  ha^e  been  under- 
taken at  least  a  dozen  years  ago,  that  is  to  say,  before  the  specimen 
was  displayed  in  the  principal  museum  at  Berne,  figured  and 
derioribed  by  a  government  department,  and  trumpeted  forth  to  the 
world  by  an  official  geologist  as  a  discovery  of  prime  importance  in 
llie  history  of  metamorphio  rocks.  For  twelve  years  this  error  has 
been  infecting  textbooks  and  impeding  progress ;  but  at  last  the 
plant  -  remains  in  the  gneiss  of  Outtannen  have  gone  to  join 
tlie  schists,  where  garnets  and  staurolites  dwell  in  unity  with 
belemnites,  in  that  limbo  which  is  appointed  for  exploded  hypotheses. 
BequitBcant  in  pace ! 


IV. — The  Gkologtcal  Age  op  thb  Earth. 

By  J.  JoLY,  M.A.,  D.Sc.,  F.R.S. 

rPHE  able  review  of  my  paper  on  the  G^logical  Age  of  the  Earth 
JL  which  appears  in  the  March  number  of  this  Magazine  (p.  124), 
from  the  pen  of  the  Rev.  0.  Fisher,  raises  again  questions  of  snoh 
wide  interest  that  some  further  remarks,  referring  principally  to 
the  criticism  of  the  distinguished  writer  of  the  review,  and  also 
to  criticisms  which  I  have  received  from  others  and  which  are 
probably  in  the  minds  of  many  who  have  considered  the  matter, 
may  not  be  out  of  place. 

My  position  in  reference  to  the  mode  of  estimating  the  Geological 
Age  of  the  Earth  advocated  in  my  paper  has,  of  course,  been  that 
of  the  Uniformitarian.  In  answer  to  general  objections  on  this 
8corc,  I  have  only  to  say  that  positive  knowledge  on  the  subject 
under  ditjcussion  will  probably  never  be  attained  by  Science. 
Kecognizing  this,  we  may  ask  of  the  Physicist  on  the  one  hand, 
and  of  the  Geologist  on  the  other,  to  what  the  probable  error- 
iimits  of  their  several  methods  of  computation  may  amount.  Will 
the  Geologist  admit  as  probable,  denudative  activities  continued 
throughout  the  entire  past  of  geological  history  which  are  sufficiently 
discordant  with  those  of  to-day  as  to  bring  his  error-limit  to  the 
magnitude  of  that  confessed  to  by  the  Physicist  ?  Will  he  admit, 
in  bhort,  that  tho  activities  of  to-day  may  have  been  five  times 
excelled  or  five  times  diminished,  and  stand  divided  between  the 
possibility  that  they  were  maintained  at  the  one  or  the  other  of  these 
•magnitudes  throughout  geological  time?  In  other  words,  that  our 
hundred  million  years  may  have  been  five  hundred  millions  or  twenty 
millions  so  far  as  denudative  processes  can  tell  us  ?  Yet  it  is  just 
this  position  the  Geologist  must  assent  to  before  he  attains  to 
the  uncertainty  which  divides  Physicists  on  this  question  at  the 
present  day.  I  need  not  draw  the  obvious  inference  or  review 
the  question  further. 

Among  geological  methods,  that  one  which  I  have  advocated 
(and  iu  which  I  was  in  part  anticipated  by  Mr.  Mellard  Reade) 
claims,  as  I  have  contended,  the  safest  and  most  restricted  measure 
of  Uniformitarianism — claims,  in  fact,    uniformity   confined  more 
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e^^ially  to  aotivitieB  depending  on  molecular  processes  :  processes 
in  which  the  mutual  presence  of  the  reacting  substances  is  the- 
piimary  factor,  their  rate  of  relative  motion  or  circulation  entering 
the  resalt  only  in  a  secondary  manner.  The  method,  in  short, 
relies  principally  on  uniformity  in  the  prevalence  of  that  most  general 
of  geological  conditions,  the  mutual  presence  of  water  and  rock 
material  over  the  land  aretis.  I  can  best  explain  by  an  example. 
Suppose  we  desire  to  estimate  the  rate  of  solubility  of  basalt  in? 
water.  We  arrange  that  a  measured  quantity  of  water  circulates 
over  the  fragments  of  rock  for  a  certain  time.  Now  in  this- 
experiment,  whether  we  circulate  the  water  quickly  or  slowly 
over  the  rock  the  result  will  be  the  same  or  nearly  the  same. 
This  is  so  because  the  molecular  actions  are  relatively  so  slow 
that  even  very  sluggish  circulation  of  the  water  suffices  to  renew 
the  solvent  before  saturation  is  nearly  attained,  and  so  suffices  to- 
preserve  the  action  at  its  maximum  rate.  The  accelerative  influence 
of  friction — as  in  Daubree*8  revolving  cylinders — plays  relatively 
but  a  small  part  in  the  work  of  chemical  and  solvent  denudation 
on  the  earth's  surface. 

But  advantages  depending  on  the  restriction  of  our  Unifoimi- 
tarianism  are  not  the  only  ones  which  the  method  claims  to  possess. 
The  quantities  involved,  those  on  which  our  final  answer  depends, 
are  more  clearly  defined  and  more  accurately  measurable  than  those 
required  in  Uniformitarian  methods  based  on  rates  of  sedimentation, 
llie  total  volume  of  the  ocean,  its  composition,  the  volume  and 
composition  of  the  river  water,  are  quantities  measurable  without 
Bpeculation  ;  our  knowledge  of  which  will  grow  witli  the  advance 
of  Science. 

The  value  of  this  restricted  Unifonnitarianism  may  be  exemplified 
in  the  possibilities  involved  in  the  abnormal  lunar  tides  suggested 
by  Professor  G.  Darwin.  If  such  abnormal  tides  affected  tlie  earth's 
surface  within  the  period  of  the  Geological  Time  of  which  we  speak, 
the  mechanical  effects  would  remain  the  chief  record ;  and  we  could 
not  say  if  the  wider  and  barer  coasts  of  the  period  would  contribute 
more  or  less  than  the  normal  dissolved  matter  to  the  ocean.  We 
might  argue  for  more  on  the  ground  of  increased  mechanical  action  ; 
for  less,  on  the  grounds  that  the  soils  wherein  chemical  effects  would 
most  favourably  progress  had  not  been  formed.  Very  probably  the 
ultimate  result  would  be  to  affect  our  numbers  but  little. 

This  appropriately  leads  me  to  the  question  of  the  nature  of  the 
primitive  ocean.  I  submit  that  upon  those  who  wish  to  imagine 
the  waters  of  the  primeval  earth  charged  with  alkaline  salts  rests 
the  onus  of  showing  how  these  elements  escaped  the  avidity  of  the 
silica  under  early  igneous  conditions  :  the  combination  of  the  two 
being  the  course  of  events  which  we  prima  facie  infer.  Or,  if  they 
admit  such  formation  of  alkaline  silicates,  they  have  to  explain  the 
subsequent  release  of  the  alkali. 

On  this  last  point  I  have  in  my  paper  gone  on  the  assumption 
(justifiable,  as  I  submit)  that  long-continued  attack  from  free  acid 
cannot  be  assumed  as  directed  to  the  One  element  ^oivam,    ^t^^ 
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acid  in  the  primitiTe  atmosphere  most  be  supposed  to  act  npon  the 
primitive  rock  mach  as  it  would  in  the  laboratory  experiment  of 
to-day,  when  we  put  such  rock  to  digest  in  the  aqueous  solntion  of 
the  acid.  Taking,  then,  H  CI  as  probably  by  far  the  most  abundant 
of  the  free  active  acids  of  the  primeval  atmosphere,  the  oatoome 
of  the  chemical  I'eaction  between  the  acid  and  the  average  rook-omat 
affords  such  a  mass  of  sodium  as  would  shorten  Geological  Time  by 
some  six  million  years.  (The  corrigenda  affixed  to  my  paper  should 
be  consulted  in  reference  to  this  number.) 

I  may  add  with  regard  to  vague  ideas  (not  unprevalent)  as  to 
long  ages  of  boiling  waters  acting  upon  the  primitive  ixxika  that 
calculation  relegates  these  long  ages  to  their  proper  importanoe. 
In  fact,  the  rate  of  cooling  of  lava  after  solidification  is  so  rapid  that 
the  long  ages  shrink  to  a  very  few  years.  **  The  thickness  of  the 
wholly  solidified  crust  grows  at  first  with  extreme  rapidity — at  the 
end  of  a  year  it  may  be  as  much  as  ten  metres,  with  a  surface  almost 
or  quite  cool  enough  for  some  kinds  of  vegetation.'*  (Lord  Kelvin, 
«  The  Age  of  the  Earth  "  :  Address  to  the  Victoria  Institute,  1897.) 
The  subsequent  rate  of  cooling  may  be  inferred  from  a  further 
extract  from  the  same  address :  "  To  fix  our  ideas  let  us  suppose 
at  the  end  of  one  year  the  surface  to  be  80^  (Cent)  warmer  than 
it  would  be  with  no  underground  heat,  then  at  the  end  of  100  years 
it  would  be  8^  warmer,  and  at  the  end  of  10,000  years  it  would  be 
0*8  of  a  degree  warmer."  So  then  (and,  be  it  observed,  these  figures 
are  independent  of  what  we  postulate  as  to  the  gross  thermal  actions 
involved  in  earth-cooling)  the  long  ages  shrink  to  a  period  of 
a  century,  during  which  the  water  fell  through  its  critical  point 
to  a  liquid  resting  on  our  earth,  warmed  about  8^  above  what  it 
is  to-day;  if,  indeed,  a  lesser  sun-heat  (see  Professor  Perry's  article 
in  Nature,  vol.  Ix,  p.  247)  did  not  act  to  make  it  considerably  cooler. 
Now  if  we  assume  that  the  mean  rate  of  solvent  and  chemical 
aqueous  denudation  during  this  period  was  as  much  as  one  hundred 
times  as  great  as  to-day,  we  find  10,000  years*  work  accomplished 
in  the  first  100  years  :  involving  a  correction  evidently  quite 
nepligeable. 

But  difficulties  which  may  be  described  as  based  on  highly 
prohable  speculation  are  not  the  only  ones  which  have  to  be  faced 
by  the  advocates  of  the  primitive  alkali-charged  ocean.  Let  us 
suppose  they  have  surmounted  the  difficulties  of  accounting  for  the 
state  of  things  they  desire  to  establish.  They  have  now  to  explain 
how  the  known  enormous  subsequent  formation  of  sediments  was 
efiectcd  from  the  original  rock-crust  without  putting  into  the  ocean 
the  hulk  of  the  alkalies  they  have  already  assumed  to  be  in  it  Still 
more,  they  have  to  explain  the  coincidence  that  the  approximate 
measure  of  the  sodiiini  missing  from  these  sediments  very  closely 
suffices  to  account  (the  error  being  on  the  side  of  excess)  for  the 
amount  of  sodium  in  the  ocean.  This  is  a  point  resting  on  estimates 
certainly  sufficiently  reliable  for  the  degree  of  accuracy  required 
in  confirmatory  evidence,  and  can  neither  be  slighted  nor  ignored 
t}}}  its  fnUiicy  is  demonstrated. 
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Before  finally  dropping  the  subject  of  the  primitive  ooean  I  must 
refer  to  a  remark  of  Mr.  Fisher's  to  the  effect — if  I  understand  it 
aright — that  any  assumption  involving  an  original  ocean  free  from 
alkalies  also  involves  chemical  proportions  between  the  alumina 
and  the  alkalies  in  the  original  rocks.  "  If  this  proportion  did  not 
hold  there  would  have  been  either  alumina  nncombined  in  the 
crystalline  rocks  or  alkalies  over  to  combine  with  the  acids  in  the 
ooean,  presumably  the  latter,  seeing  that  alkali  salts  abound  in  it 
at  present  That  this  due  proportion  should  have  existed  does  not 
seem  probable.''  I  really  see  no  reason  why  we  should  look  for  or 
except  any  such  equivalence  between  alumina  and  alkali.  Why 
not  an  excess  of  alumina  over  alkali?  Why  not,  when  a  glanoe 
at  Mr.  Clarke's  average  crust-composition  shows  that  there  is 
a  very  large  excess  of  alumina  over  what  is  required  to  make  felspar 
molecules  out  of  the  alkalies  or,  for  that  matter,  molecules  of  most 
of  the  important  alumina-alkali-silicates ;  and  fresh-water  lakes  of 
to-day  exist  among  such  rocks  ?  Would  any  special  difficulty  arise 
if  these  lakes  were  now  to  be  formed  by  condensation  of  steam  ? 

Mr.  Fisher's  criticism  on  the  legitimacy  of  accepting  the  river 
supply  of  sodium  to  the  ocean  is  directed  to  the  origin  of  the 
chloride  of  sodium  of  the  rivers;  contending  that  Clarke's  crust- 
percentage  of  chlorine  (0  01)  is  inadequate  to  account  for  the 
chlorine  involved.  Hence,  he  suggests,  we  must  look  to  Sterry 
Hunt's  "  fossil  sea-water  "  contained  in  sedimentary  rocks. 

With  regard  to  this  point  it  will  conduce  to  clearness  if  I  first 
refer  to  the  deductive  allowance  of  sodium  chloride  required  by  the 
presence  of  this  body  in  rain-water. 

In  ray  calculations  I  had  allowed  10  per  cent,  of  the  chloride 
of  sodium  of  rivers  as  supplied  by  rain,  and  on  this  account  not 
entering  the  calculations.  This,  I  of  course  admit,  may  have  been 
an  insufficient  allowance.  But  in  the  present  state  of  our  knowledge 
on  the  matter  I  do  not  think  more  or  much  more  is  justified.  Inland 
rains  show  an  ever  diminishing  percentage  of  salts,  and  again  much 
of  the  rainfall  richest  in  salts — that  falling  immediately  on  seaboards 
— finds  its  way  back  to  the  ocean  in  rills  and  streams,  taking  but 
little  from  the  land.  The  great  rivers  of  the  world,  which 
make  up  the  bulk  of  the  estimate  of  the  river  supply  to  the  ooean, 
gather  their  constituents  from  inland  areas  remote  from  the  coasts. 
On  this  point  our  knowledge  will  doubtless  grow  with  the  years. 

It  will,  however,  clear  away  misapprehension  as  to  the  stress  to 
be  laid  on  this  matter  if  I  state  that,  admitting  very  wide  error  on 
my  part  in  making  this  allowance,  the  final  possible  error  involved 
is  quite  limited  in  amount.  Suppose,  in  fact,  we  extend  the 
allowance  to  a  point  certainly  not  justifiable,  and  assume  half  the 
total  NaCl  of  rivers  to  be  derived  from  rain-water.  Then 
it  will  be  found  that  the  estimate  of  Geological  Time  increases  from 
90  to  100  millions  of  years.  If,  then,  10  per  cent,  is  too  small 
and  50  per  cent,  is  too  large  an  allowance,  we  fix  our  limits  as 
between  90  and  100  millions  of  years.  If  we  were  sure  of  this 
we  might  be  well  satisfied  ! 
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Now  as  to  the  "  foBtil  sea-water."  In  the  first  plaoe  we  find  veiy 
conflicting  evidence.  Mr.  Fisher,  himselF,  qaotes  two  obserTations^ 
one  aflfording  0*042  per  cent,  of  "chlorine  caloalated  to  sodium 
chloride,"  the  other  affording  a  quantity  too  small  for  estimatioD. 
Sterry  Hunt  qaotes  many  analyses  of  deep-seated  springs,  some  in 
fJEinlted  beds,  others  in  apparently  undisturbed  beds.  The  result! 
give  the  most  widely  varying  amounts  of  sodium  and  other  elementi» 
in  solution.  Even  in  the  case  of  wells  arising  in  the  same  rooks 
and  near  together  (as  in  the  Trenton  Limestone)  the  relative 
proportions  of  dissolved  salts  vary  even  to  100  per  cent  His 
results  did  not  lead  him  to  the  conclusion  reached  by  Mr.  Fisher 
(that  but  little  sodium  had  entered  the  sea  since  Silurian  times), 
but  to  the  conclusion  that  the  original  ocean  contained  large  amounts 
of  calcium  chloride,  and  that  alkaline  carbonates  (derived  from 
decomposing  felspars)  "  which  from  the  earliest  times  have  been 
flowing  into  the  sea  have  gradually  modified  the  composition  of 
its  waters,  separating  the  lime  as  carbonate  and  thus  replacing  the 
chloride  of  lime  with  chloride  of  sodium."  ("  Chemistry  of  Natural 
Waters,"  §  24.)  A  conclusion  essentially  in  accord  with  the  theory 
of  oceanic  supply  which  I  have  advocated. 

Finally,  if  we  refer  to  No.  148  Bulletin  of  U.S.  (j|«ological  Survey, 
containing  Messrs.  Clarke  &  Hillebraiid's  valuable  collection  of 
rock  analyses,  we  find  among  many  very  minute  analyses  of  slates, 
shales,  and  clay-slates  the  chlorine,  in  one  case  only,  given  at  as  much 
as  0*01  per  cent.,  and  generally  left  blank  or  entered  as  "  trace." 

But  the  part  played  by  possible  *'  fossil  sea- water "  is  capable 
of  estimation  and  of  having  a  true  value  assigned  to  its  importance. 

Let  U8  accept  Mr.  Fisher's  first  quoted  observation,  that  most 
favourable  to  his  suggestion,  without  reserve.  Assume  the  per- 
centage of  chloride  of  sodium  derived  from  ** fossil  sea-water"  to 
be  0*042  in  all  slntes  and  similar  rocks,  and  that  such  rocks  cover 
one-half  the  land  area  of  the  globe.  We  will  also  take  the  figure 
of  one  foot  in  G,000  years  (which  Mr.  Fisher  favours)  as  the  rate 
of  denudation  ;  and  remarking  that  the  sodium  chloride  supply 
from  this  source,  in  order  to  be  continuous,  must  keep  pace  with 
the  rate  of  denudation,  we  proceed  to  estimate  the  amount  of 
sodium  set  free  by  denudation,  and  express  this  as  a  percentage 
of  the  quantity  of  the  element  contained  in  the  river  supply  to 
the  ocean.  The  result,  as  1  reckon,  conies  out  as  0  9  per  cent. 
If,  then,  this  amount  of  sodium  chloride  circulaledt  our  C(mclusion 
as  to  the  duration  of  Geological  Time  would  be  falsified  by  about 
this  percentage,  but  the  assuinptions  we  made  in  obtaining  even 
this  number  are  evidently  entirely  unwarranted. 

In  point  of  fact,  the  conclusion  which  Mr.  Fisher  draws  from 
his  experiments  might  indicate  that  the  premises  were  somewhere 
at  fault — that  ''not  much  additional  sodium  can  have  accumulated 
in  it  (the  ocean)  since  Silurian  times.''  Mr.  Fisher  elsewhere  refers 
to  the  setting  free  of  the  alkalies  of  the  felspars  of  granites. 
Wliat,  then,  becnmo  of  all  the  sodium  contributed  in  this  manner 
to  the  ocean  throughout  the  ages  that  have  since  passed  away  ? 
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Now  oontrast  the  foregoing  inadequacy  of  denudation  as  acting 
to  set  free  "fossil  sea- water"  with  denudation  as  dissolving  the 
alkali-silicates,  the  latter  action  heing  very  interestingly  brought 
out  by  Mr.  Fisher  himself  in  his  estimate  of  the  rate  of  denudation 
required  to  maintain  the  river  supply  of  alkalies.  I  venture  to 
Dlaim  that  Mr.  Fisher  has  strongly  supported  my  view  in  showing 
that  TirW  of  a  foot  of  granite  removed  per  annum  over  the  land 
area  would  suffice  to  supply  the  sodium  of  the  rivers.  In  this 
cx)nnection  I  again  urge  that  detrital  rocks  passing  more  readily 
into  soils  and  exposing  finer  material  to  surface  actions  probably 
contribute  quite  as  effectively  as  eruptive  rocks  to  the  supply  of 
alkalies. 

Finally,  in  reference  to  Mr.  Clarke's  estimate  of  the  crust 
constituents,  it  is  worth  noting  that  this  estimate  is  not  derived 
in  such  a  manner  as  to  include  extravasated  substances.  As 
I  gather,  it  is  founded  on  typical  rock  analyses.  Now  chlorine,  as 
it  happens,  entering  only  with  difficulty  into  the  constitution  of 
silicates,  occurs  chiefly  as  an  extravasated  substance.  Hence  we  find 
it  abundant  in  mineral  springs  of  volcanic  regions  and  in  association 
with  ores.  Springs  arising  in  connection  with  lodes  are  often 
heavily  charged  with  chlorides.  The  sources  of  supply  are  in  these 
cases  probably  deep-seated,  and  would  not  enter  into  estimates  of 
crust  constituents  based  on  rock  analyses.  It  will  be  at  once 
apparent,  too,  that  saline  waters,  where  entering  occasionally  into 
deep-seated  bedded  rocks,  may  well  be  derived  from  such  sources  ; 
or,  again,  from  inland  waters  of  former  times  which  had  never 
communicated  with  the  ocean.  The  very  various  composition  of 
such  waters  from  deep  wells  supports  their  non-oceanic  origin. 
For  the  greater  part  these  sources  of  chlorine  are  to  be  included 
on  the  side  of  the  crust  constituents  and  (for  a  large  part)  so  far 
as  they  include  sodium  in  combination,  go  towards  explaining  the 
discrepancy,  such  as  it  is,  in  the  equation  between  the  sodium 
missing  from  the  sediments  and  the  sodium  of  the  ocean. 

We  have  no  reason  to  suppose  the  contributions  from  these 
sources  to  the  rivers  to  have  varied  in  one  or  the  other  direction 
during  the  past. 

V. — Cataloguk  of   the   known   Foraminib'kka   FfiOM   THE  Chalk 

AND   ChaLKMABL^    OF   THE    SoUTH   AND    SoUTH-EASTERN   COUNTIES 

OF  England. 

By  Prot.  T.  Rupert  Jones,  F.R.S.,  F.G.S. 

The  sources  of  information  are  given  below. 

D.  From  T.  Rupert  Jones's  Catalogue  of  the  Foraminifera  from 
the  Chalk  and  Chalkmarl  in  the  Second  Edition  of  Dixon's 
"  Geology  and  Fossils  of  Sussex,"  1878,  pp.  284  and  285. 

'  It  is  not  here  practicable  to  divide  the  Foraminifera  belonging  sererally  to  the 
'"'0  formations  ;  nut  some  indication  ot  the  distributicm  is  shown  bv  the  list  at 
JP-  284  and  285  of  Dixon's  "  Sussex,"  2nd  edition,  1878.  Of  the  range  of  these 
^^aminifera  in  earlier  strata  of  the  Cretaceous  series,  some  particulars  may  b» 
^^bered  from  the  list  published  in  Toplev's  "  Geology  of  the  Weald  "  (Mem,  Geol. 
'^''^ ,,  1875,  pp.  423  and  424),  as  far  as  known  at  that  time. 
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Cr.  Ibmntnifsra  of  the  Ofaalk  «nd  Chalkmarl  referred  to  in  the 
**  Monograph  on  the  Foraminifera  of  the  drag/*  by  T.  Bapert 
Jones  and  others :  Pal.  Soa^parts  ii,  iii,  iv,  1886-96-87. 

ft.  Foiaminifera  belonging  to  the  Ohalk  and  Chalkmarl  referred  to 
in  F.  Chapman's  "  Desoription  of  the  Foraminifera  from  the 
Ganlt '' :  Trans.  Roy.  Mioroao.  Soa,  1881-8& 

T.  Chapman,  ^*  On  Miorosoa  from  the  PhosiAatio  Chalk  of 
Taplow**:  Quart  Jonm.  (JeoL  8oa,  toI.  xlviii,  1892, 
pp.  614-5ia 

L.  Chapman,  "Foraminifera  of  the  Phosphatic  Chalk  of  Lewea": 
Quart  Joum.  Geol.  Soa,  ^oL  Hi,  1896,  pp.  470-472. 

Jones  and  Chapman,  <'0n  the  Fistulose  Polymorphinm  and  the 
Genus  BamuUna  " :  Joum.  Linn.  8oo.,  Zool.,  voL  xxvi,  1897, 
pp.  340,  eto.  Besides  several  of  Uie  PofyMorpikiiNs,  this 
memoir  treats  espeoially  of  BamuKna  aimUaia,  Wrighti  for 
D,  O,  T ;  and  B,  globulifera,  Brady,  for  the  column  G. 

Upper  Chalk :  Purley,  Surrey.    Mr.  Charles  Upton's  "Chalk  nnder 

the  Miorosoope  "  :   Proa  Cotswold  Nat  Field  Clul^  vol.  vii, 

pt  2,  1898,  pp.  209-216.    With  the  nomenoUtore  roTised, 

the  species  noticed  and  figared  in  this  memoir  are  :— 

TneMtmm  gloMota,  Ehrenberg.  FrtrndteuUarim  inwgrm,  Beim. 

„        twrUy  D'Orb.  CfiMttUmim  »imv§r$mn,  Bomeiii. 

0audrifimapupoi4m,\y0i\i.  JSomii/ifMi  MM/SMte,  Wright 
Bulimina  Murchitoniana^  D*Orb.  „        §Uibul\firm^  mtdy. 

ovuluniy  D'Orb.  Ohbigerina  mmrgifmtti^  Beiui. 


FrrndkuUtria  tormatm,  Perner. 


BotalU  SoUmnU,  D'Orb. 


MiLIOLIDJB. 

Nubemlaria  tibia^  Jones  &  Parker 

f,        Jonesiana,  Chapman      

,,        fk>rorot«tfa,  Karrcr  &  Sinzow   ... 

Spiroloeulina  limbata,  D'Orbigny 

Miliolina  teminulum  {Linn6)  

,,        triffonula  (Lamarck)       

,,        ohlonga  (Montagu)  

,,        fwr^Wa  (Karrer) ... 
Cornutpira  {IVoehammma  P)  eretaeea  (Renss) 

LiTUOLIDJE. 

Hmplophragmium  irregulare  ( Romer) 

,,        ovatum  (Hngenow) 

Lituola  neutiloidea^  IsmMcV  

Flaeopailitia  Cenomana^  D'Orb 

Haplofttiehe  Sherhornianaj  Chapman 
BdeUoidina  aggregata^  Carter.      From  the 

Ohalk  ;  locality  not  known. 
TTifWifia  rM^oM,  D  Orhigny.  

Textxjiariid^. 

Textuiaria  globuloia,^  Ehrenberg 

,,  ,,      var.  atruittOf^  Ehrenberg 

deeurrenSf^  Chapman 


• 
« 


Cr. 


G. 

T. 

• 

• 

• 

... 

•     j 

... 

... 

I 


» 


• 


« 


'  These  are  included  in  a  new  genus,  '  OuimbtUna,*  by  Dr.  Egger,  1899. 
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D. 

Cr. 

0. 

T. 

L. 

Ttxtulmrim  qumhrikUgrm,  Schwager 

•  •• 

•  •• 

•  •a 

• 

f f           tUtCtpBf  XLOUM        •••           •••           ••• 

•  •  • 

•  •• 

•  *. 

• 

„        mrnea,  D'Orb 

•  •  • 

• 

•  •• 

• 

„        troehut^  D'Orb 

• 

■  •  * 

• 

« 

• 

,,        turritf  D'Orb ...    ' 

• 

•  •  • 

• 

■ 

„        u^gMimaUf  D'Orb. 

• 

• 

,,        eoneava  (Kurer) 

■  •  • 

•  •• 

•    •    • 

• 

f,        tirrata.  Chapman          

•  •  • 

•  •  • 

•    •    • 

• 

„        9ttgUtula,  Defranoe        

•  •• 

•  •  • 

•     •    • 

•    • 

,y        gihkoaa^  D'Orb 

• 

• 

,,        JBamdouiana,  D'Orb 

• 

,,        prmhnga,  Beou 

• 

VmmmiiHnm  triqustra  (Miinster)     

• 

•  •  • 

• 

• 

fy              dDflOflUffy  A611M     •••               ...               ... 

« 

„        ipinulota,  Bavm 

•  •  • 

•  •  • 

•    •   • 

• 

„        p^pmaa(E^gM)            

DriUufia  piframidaiaf  nBuaB           

• 

«  •  • 

•  •  • 

•  •  • 

•  •   • 

•  •    • 

• 

•  •  • 

• 

„       fotiolata,  Marsson         

•  •  • 

•  •• 

•    •    • 

•  •  • 

• 

,,        tn'earinataf  Beuw          

•  •• 

•  •• 

•    •    • 

• 

• 

ifi^pnrvpJMto  roMa,  Ehrenberg          

« 

,f        anneetenty  Parker  &  Jones 

■  •  • 

•  •  • 

■    •  • 

• 

• 

yy        bt/wyniif  P.  &  J. 

•  •• 

•  •  • 

•    •   • 

• 

^•Mf^'iM  rv^oMy  D'Orb 

• 

•  •  • 

■    •    • 

• 

• 

„        Joneaianat  Wriffht         

,,       pupoidsSf  D'Oro.           

■  •  • 

•  •  • 

•    •    • 

• 

• 

• 

•  •  • 

• 

•  ■  • 

• 

J9«^#fMrsfM  jMfMtf^ti/a  (Batsch)        

• 

SedroBtomella  aeuUata  (Ehrenberg) 

• 

Bulimina  elegan$yWOrXi 

« 

• 

• 

« 

,,         affinity  D'Orb 

• 

■  •  • 

•     •    ■ 

• 

• 

,,        ovatOf  D'Orb 

•  •  • 

•  •  • 

•    •    • 

« 

yy         mbsphanca^  Reuse         

•  •  • 

•  •  • 

■     ■     ■ 

• 

,,         brevity  D'Orb 

•  •  • 

•  •  • 

« 

• 

,,         obtu*af  D'Orb 

• 

•  •  • 

« 

• 

« 

y,         trig<may  Chapman 

•  •  • 

•  •  • 

•     •    • 

• 

y,         Hurehitoniana,  D'Orb 

« 

•  •  • 

• 

• 

• 

,y         intermedia^  Reuss            

• 

,,         obiiqua,  D'Orb.  ... 

« 

,,         ovuhtm^  Reuss 

• 

,,         Fresliy  Reuss       

« 

•  •  • 

• 

„         variability  D'Orb.           

« 

•  •  ■ 

•     •    • 

« 

,,         polystropha,  Reuss         

... 

•  ■  • 

•  ■  • 

• 

Bolivina  diiatata,  Reuss       

•  ■  • 

•  •  • 

■     •    • 

• 

,,         ttrigillata^  Chapman      

,,        punctata,  D'Orb.            

•  •  ■ 

•  •  ■ 

•     •    • 

« 

• 

• 

•     •    • 

♦ 

textularioides^  Reuss      

■  •  • 

•  •  • 

•     •    • 

• 

yy         nobility  Hantken             

•  ■  • 

•    ■   k 

■     ■     • 

« 

,,         obsoleta,  Eley      

• 

Virgulina  Schreibersianay  Czjzek 

« 

■    •   • 

•     ■    • 

• 

,y         tubtquamota,  Egger        

•  •  ■ 

■   •   • 

•     •    • 

« 

,,         Hempriehii  (Ehrenberg) 

« 

y,        paradaxa  (Ehrenb.)        

• 

PUurottomella  tubnodota^  Hantken 

■  •  • 

•   •   • 

•   •    • 

« 

liAOBXIDA. 

Lagma  tuleatat  Walker  &  Jacob    

« •  • 

« 

•     •    • 

« 

,y      globota  (Montagu) 

• « • 

• 

• 

« 

yy      ttriatopunetatay  Parker  &  Jones     ... 

•  ■  • 

• 

• 

,,      /«m  (Montagu)       

•  ■  • 

• 

\ 

\ 

yy      yract/i«,  Williamson            

•  •  • 

1          * 

\ 
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«» 

ft 

*t 
»♦ 
f » 
i» 
»» 
f » 

)» 
ii 
»» 
»» 
ft 
»» 
>> 
♦  » 


Nbdosaria  Zippei,  EeusB,  =  raphanus^IAanS) 

radieula  {Jjinii&) 

ambigua,  Neugeboren    

tenuieotta,  £eu88  

Sabgenus  1 .  Glandulina  lavigafaf  D*  Orb. . . . 

„        cylindraeea,  Reuss  ... 
,,        mutabilUf  ReiiBs     ... 
,,        humilit,  RetiBs 
Sabgenus  2.  Dentalina  oliffottepia,  Reuss  ... 

afinif,  ReuBS 
brevis,  EeuBs 
eommunit,  D'Orb.  ... 
gracilia^  D'Orb. 
linearutf  Benss 
Utteolata,  Reuss 
Zorneiauaf  D*Orb. ... 
monile,  Corauel 
tulcata,  D*Orb. 
sulcata  (Nilsson)     ... 
obncura,  Renas 
eonwbrina,  D'  Orb. . . . 
hispida,  D'Orb. 
obliqua,  D*Orb.      ... 
Roemeri,  Neugeboren 
actileata^  D'Orb.     ... 

pauperata,  D'Orb 

nodosa,  D'Orb. 
expausa,  Reuss 

LtHffuUna  earinata,  D'Oih 

,,        scmiornata^  Rcuss  

Rhabdogomnm  tricariuatum^  var.  acHtangn- 

iunit  Reuss 
Frondicularia  Archiacioua^  D'Orb. 
Vtrueniliaua^  D'Orb. 
tricaHnata^  D'Orb. 
ongiilo»aj  D'Orb. 
angustaf  Nilssoii ... 

Cordaiy  Reiiw*      

»tr\atuUt^  Reuss  ... 
i;/r«/'»ff,  Reuss 
Marymulina  glabra f  IV  Orb . 
elongata^  D'Orb. 
fCfjuivoeay  Reuss  ... 
coinpiynsa^  D'Orb. 
f/isi.Sf  Reuss 
yaricostay  D'Orb. 

trihbata,  D'Orb.  

VaginnUna  lavigata  (Riimer)  

coHfufata  {Romer) 

gtrigillafa  (Reuss)  

truncata  (Reass) 

gaulfimiy  Bertbelin         

contitinay  B»Tth. ... 

Cnstelfaria  cftlfrata  {MoniiorVj        

rot  ft  lata ,  Jjania  rck 
gibbtf^  D'Orb. 
tiarieula^  D'Orb. 
friafigithris^  D'Orb. 
gefHtnatOf  Brady... 


D. 

Cr. 

G. 

T. 

• 

« 

• 

1 

« 

■  «  * 

■  ■  • 

• 

«  •  ■ 

« 

... 

■  ■  • 

■ 

• 

♦ 

•  ■  • 

•  ■  ■ 

• 

■  •  • 

•  ■  • 

• 

1 

■  •  ■ 

•  •  • 

• 

• 

•  •  • 

• 

« 

« 

• 

• 

... 

• 

• 

■  ■  • 

« 

■  •  ■ 

« 

• 

« 

•  «  • 

• 

« 

• 

• 

•  •  • 

«  •  • 

« 

•  •  • 

•  •  • 

•  «  ■ 

• 
• 

« 

•  ■  • 

•  •  • 

• 

« 

■  •  ■ 

k    •  ■ 

« 

« 

« 

1 

■    k  • 

•  •  ■ 

*  ■  • 

« 

«    ■   • 

•  •  • 

« 

• 

I         .  • . 

•    •    • 

1     • 

■    «   • 

•  •  • 

1 

i 

•    •    • 

i 

i 

» 

! 

■  •  • 

• 

* 
« 


»• 

If 

If 
II 
l» 

l» 


II 

»• 
♦  I 

II 
II 
II 


II 
II 
1} 
11 
II 


II 


II 


♦  ♦ 


♦    1 

1 

1 

... 

» 

• 

* 

... 

a    •    • 

* 

1    • 

■        ■      • 

« 

« 

* 

1 

« 

« 

1 

•  ■  • 

... 

* 

•   ■  • 

■        •       ■ 

« 

l» 
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D. 

Cr.    j    0. 

T. 

L. 

_  _ 

_  _ 

^ 

„          Gimdryana.  D'Orb 

„         pamUiw,  Berthalin         

„        «^utmuru,.h>ri.  CFiohtet  £  MoU) 

„        <*««<.,  Jone. : 

™(m,  Ueau       

,.         «rta,  D'Orb 

•Uitliinarufota.D'OTb 

;)i«Wr«,  D'Orb 

onula,  Rcuat      

nniaU,Bimu     

fll.pii/u,  XUssou            

Mf,  Qeiaitz     

bViBiyAwfji***.  D'Otb 

„         amminoM,  D'Orb 

rAoNini,  D'Orb 

joroi-M,  fiellw      

frina  rvjof,  D'Orb 

• 

• 

GLOBiaiBIHIOS. 

i 

„          crXocra,  D'Orb.              

„          man/iimla.  Keiuct 

• 

•      i     • 

• 

• 

* 

• 

„          iTf  ui/a<n-B/ii,  Bmdv       

„         tlri:>la.  D'Orb.    ...          

„         ^%W,D'Orb 

BoTALtin.l!. 

i 

IV(.-ifl«o.  D'Orb ;     ,     ; 

„         Pnjiriann  (D'Orfc.)      

Jla^ngiri  {VrOli.)      

ttrimint,m${fi'Ot\>.)      

yroMfTKj,™  (Oumbtjl) 

'.'.'.   1   !] 

roiNia  (D'Orb.) 

"•aitiHHiina  iltgan,  {D'Orb.)            

farrf™  (Hctuw)            

McMrdti  (D'Orb.)          

CVirferiBHo  (D'Orb.)       

/TMM  (D'Orb.) 

iCiVAf/i«iflna  (D'Orb.) 

6rf<««  cr«-«/jo(a,  Rea-w      

„          SeUanii.  D'Orb 

„         Becearii  {Uani) 

ifcariM  *,p™?&ri  (Qraelin)          

Tjtfwiiu  orafo,  HsrwoD       

...  I  ...  ^  ... 

\   ' 
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R  BJ  -V  I  BJ  ^W  S. 

I. — A  Mkuoib  on  the  Palaozoio  BsnouL^Ti  Spoigib  oqv- 
BTiTUTiNG  TRB  Familt  Diottospongida.  By  Jakbs  Hall, 
State  Geologist  and  PaUeontologist,  in  oollaboration  with  Johm 
M.  Clabkk,  Assistant  Slate  Gkologist  and  PaUoontologiit 
Imp.  4to  ;  pp.  350,  plates  Ixx  and  45  figures  in  the  text 
(University  of  the  State  of  New  York,  1898.) 

THIS  elaborate  monograph  treats  of  a  family  of  siliceooa  sponges 
which  occur  very  abundantly  in  certain  portions  of  the  Chemong 
division  of  the  Upper  Devonian  in  the  State  of  New  York ;  they  are 
also  present  in  lesser  numbers  in  the  sub-Carboniferous  rocks  of  Ohio 
and  Indiana.  Beyond  the  bounds  of  the  United  States  they  are 
represented  by  a  few  forms  in  the  Psammitea  dn  Condroa  (on  tlie 
same  horizon  as  the  Chemung)  in  the  North  of  France,  which  have 
been  described  by  Dr.  Charles  Barrels ;  one  species  is  also  known 
from  the  Middle  Devonian  of  the  Eifel,  and  another,  which  appears 
to  be  the  oldest  representative  of  the  family,  has  been  found  in  the 
micaceous  shales  of  the  Upper  Ludlow  of  Westmorland,  and 
described  by  McCoy  under  the  name  of  Tetragonig  DanhyL 

The  sponges  of  this  family  are  very  varied  in  shape,  but  the 
majority  are  vasiform,  cylindrical,  or  prismatia  whilst  others  are 
flattened  saucer-shaped,  and  not  infrequently  they  are  of  large  siie. 
They  consist  of  a  thin  wall  which  is  built  up  of  fascicles,  principally 
of  elongate  rod-like  spicules  intermingled  with  others  of  oruoifoniu 
five  and  probably  six  rays,  arranged  in  vertical  and  horizontal 
bands  so  as  to  form  a  lattice-like  mesh  with  recttuigular  interspaces. 
With  the  exception  of  a  few  specimens  from  the  sub-Curboniferuus 
rocks  of  Indiana,  these  sponges  are  only  known  in  the  i'unn  of  casts 
or  solid  moulds  of  the  interior  hollow  of  the  sponge,  which  has  been 
infilled  with  the  arenaceous  or  calcareous  materials  of  tlie  rock  in 
which  they  are  imbedded.  These  moulds  retain,  very  perfectly  as 
a  rule,  the  form  of  the  sponge  scarcely  at  all  compressed,  and  their 
outer  surfaces  show,  in  a  fairly  definite  manner,  the  impressions 
of  the  spicular  bands  bounding  the  angular  mesh-interspaces.  But 
it  is  very  difficult  to  determine  from  the  impressions  the  form,  size, 
and  disposition  of  the  individual  spicules  composing  these  bandstand 
hence  arises  the  principal  obstacle  in  the  classification  of  these 
sponges,  which  rests  to  a  considerable  extent  on  their  outer  form 
and  proportions,  characters  of  very  subordinate  value  if  we  may 
judge  from  the  existing  members  of  the  class. 

In  some  specimens  from  the  sub-Carboniferous  rocks  of  Indiana 
where  the  matrix  is  a  calcareous  shale  or  mud,  the  originally  siliceous 
spicules  of  the  bands  are  now  replaced  by  pyrites,  and  it  has  been 
possible  to  determine  their  forms  to  a  certain  extent,  but  of  still 
greater  significance  is  the  discovery  in  these  pyritized  specimena 
of  very  minute  flesh-spicules  comparable  with  those  in  existing 
Hexactinellids.  Amongst  these  may  be  mentioned  small  regular 
Bix-rayed  forms  with  the  rays  minutely  spined,  peculiar  modificationa 
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of  the  pinula,  and  a  oomparatiTely  aew  form,  termed  an  «mbel, 
oonsisting  of  a  plamp  rod  with  an  umbrella-shaped  lOBimit  Thaie 
are  also  lodi  with  anohor-ahaped  terminatiooa  as  in  reoent  sponges 
ef  the  same  groap. 

The  DiotyospoDgidn  in  the  Chemung  rocks  of  New  York  aie 
aot  infrequentlj  met  with  associated  together  in  laige  numbers  in 
psrtionlar  beds  of  a  somewhat  coarse  saiulstoneb  in  which  they  liTod 
snd  flourished  in  large  oolonies.  This  habitat  is  in  striking  contnst 
to  that  of  recent  hezaotinellid  sponges,  of  which  the  greater  number 
£▼«  in  mud  or  oose  and  often  at  considerable  depths,  whereas  the 
sandy  matrix  on  the  surface  of  which  their  Devonian  progenitors 
lived  indicates  a  comparatively  shallow  sea. 

The  Bibliography  of  the  Dictyospongidn  is  not  without  interest 
The  earliest  known  example,  EydnaeeroM  tuberowm,  was  thus  named 
by  Conrad,  in  1842,  under  the  supposition  that  it  was  an  unusual 
form  of  Cephalopod,  and  in  the  same  year  Vanuxem  described 
Uphantania  Chemungemig,  another  member  of  the  family,  as  a  marine 
plant  In  1863  James  Hall,  the  senior  author  of  the  present 
monograph,  proposed  a  new  genus,  Dictyophyton^  with  nine  species, 
including  Hydnoeeras  iuhera$um,  Conrad,  the  generic  name  signifying 
that  in  Hall's  opinion  the  fossils  belonged  to  marine  Algn.  That 
these  supposed  fossil  plants  were  in  reality  siliceous  sponges  related 
to  the  recent  EupleotellidaB,  was  clearly  shown  by  R  P.  Whitfield 
in  1881,  who  pointed  out  that  in  this  case  the  generic  term 
Dietyophyton,  Hall,  was  a  misnomer,  and  that  therefore  it  would 
be  necessary  to  go  back  to  one  of  the  earlier  names,  Hydnocerai, 
Conrad,  or  Uphantania,  Vanuxem.  In  1884  Professor  Hall  defined 
several  new  genera,  but  though  the  spongoid  character  of  the  family 
is  fully  recognized  in  the  name  given  to  it,  the  term  Dictyophyton  is 
retained,  and  the  same  course  is  followed  in  1890,  when  other  new 
species  were  placed  in  the  genus.  In  the  meantime  a  large  oolleotion 
of  these  fossils  had  been  gathered  together  by  Professor  Hall,  who 
banded  them  over  to  Dr.  J.  M.  Clarke  for  revision,  and  it  may 
therefore  be  fairly  assumed  that  this  latter  author  is  mainly 
responsible  for  the  classification  and  descriptions  in  the  present 
monograph.  We  find  in  it  a  veritable  revolution  as  regards  the 
nomenclature:  the  name  Dictyophyton,  Hall,  is  entirely  given  up, 
since  it  **  has  proved  a  misleading  term  among  the  sponges " ; 
Conrad*s  genus  Hydnoeeras,  which  Hall  had  merged  in  Dictyophyton, 
is  again  revived,  and  the  various  species  placed  under  Dictyophyton 
by  Hall,  and  by  others  who  had  adopted  the  generic  name  without 
reference  to  its  original  signification,  are  now  distributed  among 
Hydnoeeras  and  ten  new  genera ! 

A  summary  of  the  monograph  shows  that  the  Diotyospongid» 
family  is  divided  into  7  subfamilies,  all  new ;  32  genera,  20  of 
which  are  new;  and  128  species,  of  whioh  77  are  new.  The 
descriptions  of  genera  and  species  ai*e  drawn  up  very  carefully,  but, 
as  already  remarked,  the  structural  characters  of  the  skeleton  in 
these  sponges  are  very  imperfectly  shown  in  their  casts,  and 
differences  of  mere  outer  form  and  mode  of  growt\i,  on.  ^Ylvc^  tcascv^ 
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of  the  generic  and  speoifio  features  are  mainly  baaed,  are  too 
inconstant  to  be  relied  on. 

The  varied  forms  of  these  sponges  are  very  dearly  shown  in  the 
admirable  plates,  whilst  figures  of  the  remarkable  flesh-spicales 
are  given  in  the  text. 

l^is  monograph  is  a  worthy  addition  to  the  series  of  volnmes 
on  the  Palasontology  of  the  State  of  New  York  which,  under  the 
authorship  of  the  late  Professor  James  Hall,  have  appeared  daring 
the  last  fifty  years,  and  it  also  furnishes  a  happy  augury  for  the 
further  continuance  of  the  series  by  his  successor,  Dr.  J.  M.  Olarice. 

a  J.  H. 


II. — Tkxt-Book  of  Palaomtolooy.  By  Earl  A.  vox  Zittkl. 
Translated  and  edited  by  Chablxs  R.  Eastman,  Ph.D.  Bevised 
and  enlarged.  Vol.  I.  pp.  viii  and  706,  with  1,476  woodcuts. 
(London :  Macmillan  &  Co.,  1900.) 

OF  recent  years  it  has  become  more  and  more  evident  that  it  is 
impossible  for  one  man,  however  great,  to  write  unaided  an 
advanced  text-book  dealing  with  all  the  branches  of  one  science.  The 
only  way  in  which  an  advanced  text-book  can  be  compiled  so  as  to  be 
of  real  value  is  by  the  co-operation  of  a  number  of  specialists  under 
the  direction  of  a  competent  editor.  This  has  already  been  done  in 
some  sciences,  and  to  this  class  of  work  we  may  refer  the  book 
under  consideration,  which  marks  an  epoch  in  palaeontological 
literature. 

We  had  long  envied  our  German  colleagues  the  possession  of 
Zittel's  Handhuch  der  Palaeontologicy  for  although  it  was  for  the 
use  of  all  palaeontologists,  still  a  work  in  a  foreign  language  is 
never  quite  the  same  as  one  in  our  own ;  but  now  we  feel  that  we 
have  the  advantage  over  them,  for  in  the  present  work  we  have 
the  foundation  laid  by  Zittel  with  a  superstructure  by  a  number 
of  zoologists  who,  as  specialists  in  the  groups  with  which  they 
are  dealing,  possess  worldwide  reputations.  We  have  only  to 
glance  at  the  list  of  collaborators  to  see  what  an  immense  advance 
this  work  makes  on  all  other  palasontological  text-books. 

The  only  disadvantage  which  this  type  of  work  appears  to  us  to 
suffer  from,  is  the  fact  that  specialists  are,  after  all,  but  human 
beings,  and  consequently  apt,  in  dealing  with  their  favourite  group 
of  animals,  to  give  undue  prominence  to  their  own  views,  especially 
in  matters  of  classification  and  nomenclature ;  consequently  the 
advanced  student  will  do  well  to  bear  in  mind  that  each  chapter 
is  either  written  or  revised  by  an  ardent  enthusiast,  and  not  by 
a  cool  and  perhaps  unprejudiced  general  palaeontologist. 

Looking  at  this  work  in  more  detail,  we  find  that  while  the 
chapters  on  the  Protozoa  and  Ccslenteraia  stand  essentially  as  in  the 
original,  those  on  the  Mollmcoidea,  Mollusea,  and  Trilobita  are 
entirely  rewritten,  and  the  remainder  enlarged  and  revised.  We 
cannot  help  regretting  that  some  of  the  short  descriptions  of  the 
sub-kingdoms  were  not  revised  along  with  the  other  matter,  since 
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auch  statements  like  those  on  p.  257  re  the  supposed  relationships 
of  the  Mollusooidea  to  the  Mollusca,  and  the  supposed  totisd 
Abeenoe  of  all  hard  parts  in  Tanicata,  are  apt  to  mislead  the 
stodent,  unless  he  has  had  a  very  thorough  zoological  training. 
So  also  would  some  of  the  definitions  of  the  classes  and  orders 
<Of  the  MoUusca. 

Studying  a  work  of  this  description  one  cannot  help  wondering 
whether  specialists  in  different  groups  will  ever  come  to  any 
agreement  as  to  the  differences  which  constitute  species,  genera, 
and  fiamilies,  and  in  this  connection  we  think  that  the  student  who 
voluntarily  takes  up  the  study  of  the  fossil  Cephalopoda  will  be 
a  bold  man  indeed. 

We  must  congratulate  Dr.  Eastman  and  his  collaborators  on  the 
axoellent  results  which  have  attended  their  efforts,  and  we  think 
that  Professor  von  Zittel  was  wise  in  allowing  his  work  to  be 
expanded  and  altered  to  its  present  form,  which  Messrs.  Macmillan 
have  put  before  us  in  such  excellent  condition.  All  English- 
students  of  Pals&ontology  will  rejoice  at  its  appearance. 


III. — A  Trbatisb  on  Zoology.  Edited  by  E.  Rat  Lankbstkr. 
Part  III:  llie  Echinoderma.  By  F.  A.  Bathes,  M.A.,  assisted 
by  J.  W.  Gbegobt,  D.Sc.,  and  E.  S.  Goodbioh,  M.A.  pp.  vi 
and  344,  with  308  figures  in  the  text.  (London  :  Adam  & 
Charles  Black,  1900.) 

AT  last  we  have  actually  before  us  the  first  instalment  of  Professor 
Lankester's  long  promised  Treatise  on  Zoology.  It  is  some- 
what unfortunate  that  the  appearance  of  this  part  has  been  so  long 
delayed  (for  we  notice  that  the  MS.  of  some  parts  of  the  work  were 
<X)mpleted  rather  more  than  three  years  ago),  since,  as  we  all  know, 
zoological  text-books  have  a  way  of  getting  out  of  date  very  rapidly, 
owing  to  the  enormous  amount  of  work  which  is  being  done  all 
over  the  world. 

Professor  Lankester  promises  us  nine  more  parts  of  this  work, 
which  are  to  be  written  as  far  as  possible  by  graduates  of  Oxford 
University.  We  only  hope  that  these  parts  will  make  a  fairly  early 
appearance,  since,  judging  from  the  present  part,  they  should  be  of 
immense  service  both  to  the  palasontologist  and  to  the  student 
of  living  forms. 

The  present  work  deals  with  the  Echinoderma,  and  since  the 
greater  part  of  it  is  written  by  two  palaeontologists  it  will  probably 
appeal  more  strongly  to  the  readers  of  this  Magazine  than  some 
of  the  parts  which  have  yet  to  appear.  The  ordinary  zoologists 
will  be  apt  to  consider  that  the  palseontological  side  is  perhaps 
a  little  overdone ;  but  when  we  remember  that  the  phylum  Echino- 
derma includes  the  Pelmatozoa,  three  classes  of  which  are  extinct, 
and  the  remaining  class,  the  Crinoidea,  consists  mainly  of  fossil 
forms,  the  preponderance  of  the  palsdontological  aspect  becomes  at 
once  accounted  for.     This  group  occupies  179  pages  and  \%  \Xi^  xcialwx 
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feature  of  the  book;  coining  as  it  doee  from  the  pen  of  Mr.  F.  A. 
Bather,  who  haa  made  suoh  a  special  atady  of  the  groap,  it  vriU 
tbrm  a  olaaaical  work  of  reference  for  all  students  of  the  Pelmatowa, 
and  will  form  an  interesting  companion  to  the  sh(Kter  aooonnt  of 
this  group  revised  by  Mr.  Wachsmuth  in  Zittel's  Test-book.  We 
think,  however,  that  Mr.  Bather  might  have  dealt  a  little  moie 
fnlly  with  the  actual  fiicts  of  anatomy  in  the  general  part  (pp^  1-A7), 
and  given  us  a  few  more  figures  of  the  general  morphology  of  tbe 
Echinoderma,  and  perhaps  fewer  theoretical  diagrams. 

The  Holothorians  are  very  briefly  dealt  with  in  18  pages,  and 
somewhat  meagrely  illustrated  with  a  series  of  almost  blaokboaid 
diagrams.  The  remaining  96  pages  are  devoted  to  the  Stelleioidea 
and  the  Eohinoidea,  and  are  from  the  pen  of  Dr.  Gregory.  Both 
these  accounts  seem  unduly  compressed,  and  the  forma  are  periums 
dealt  with  too  much  from  the  standpoint  of  the  skeleton,  aa  if  tile 
variations  in  the  soft  parts  were  comparatively  of  little  valae. 

The  whole  work  is  profusely  illustrated  with  a  largo  number 
of  excellent  figures,  most  of  which  are  new.  Some,  however,  of 
those  not  acknowledged  in  the  description  are  old  ones,  and  one 
or  two  of  the  old  ones  might  well  have  been  replaced  by  fresh 
figures,  notably  fig.  iv,  p.  242,  which  is  a  very  poor  representation 
of  the  general  anatomy  of  a  starfish. 

Professor  Lankester,  in  his  conception  of  this  work,  has  filled 
a  void  long  felt  in  zoological  literature,  and,  in  obtaining 
Mr.  Bather's  assistance  to  write  tlie  greater  part  of  the  Ekshinoderma, 
lie  has  exercised  a  wise  selection,  tlie  result  being  that  the  student 
is  furnished  with  a  most  admirable  systematic  text-book,  in  which 
he  will  find  the  characters  of  the  classes,  orders,  families,  etc.,  of 
the  Echinoderma  dealt  with  in  a  manner  not  hitherto  attempted 
in  any  of  our  zoological  text-books.  We  can  only  hope  that  the 
succeeding  parts  will  be  of  equal  merit  and  not  too  tardy  in  their 
appearance. 

IV. — ME3I0IRB    OF    THE    GEOLOGICAL    SURYBY  :     ThK      GbOLOGY    OT 

Belford,  Holy  Island,  and  the  Farnb  Islands,  Nobthukbkb- 
LAND.  By  William  Gunn,  F.G.S.  8vo  ;  pp.  iv,  165.  (London : 
Eyre  &  Spottiswoode,  1900.     Price  2«.  6d.) 

riUIlS  Memoir  is  an  Explanation  of  the  Now  Series  Grcological 
X  Survey  Map,  Sheet  4  (Old  Series  110  S.E.),  and  it  contains 
accounts  of  the  Carboniferous  Limestone  Series,  Glacial  Drifts,  and 
more  recent  deposits,  with  descriptions  also  of  the  Whin  Sill,  whose 
northern  limit  is  seen  in  the  Fame  Islands.  The  chief  part  of  the 
Memoir  is  occupied  with  descriptions  of  the  Carboniferous  rcx)ks, 
the  Tuediau  or  Cement-stone  group,  the  Fell  Sandstone,  the 
Scremerston  Coal,  and  the  Limestone  groups,  the  two  latter  oon- 
taiiiing  seams  of  workable  coal.  Details  of  many  pit*seotions  aro 
given,  and  there  are  lists  of  Carboniferous  fossils. 
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I. — ^Pebrnary  2l8t,  1900.— J.  J.  H.  Teall,  Esq.,  M.A.,  P.E.S.^ 
Presideat,  in  the  Chair.  The  following  oommunioations  wero 
lead : — 

1.  ''  The  Banter  Pebble-Beds  of  the  Midlands  and  the  Source  of 
tiieir  Materials."  By  Professor  T.  G.  Bonney,  D.So.,  LL.D.,  F.B.S.r 
P.Q.S. 

The  author  states  the  results  of  occasional  work  in  the  Banter 
CSonglomerate  of  Staffordshire.  ^  After  a  sketch  of  matter  already 
published,  he  gives  additional  particulars  of  the  lithology  of  the 
pebbles,  more  especially  of  the  felstones  and  of  some  rather  compact 
dark  rocks.  Of  the  former  he  has  now  obtained  about  thirty 
Tarieties :  ortboolase-feldites  and  porphyrites,  some  with,  others 
without  quartz  ;  several  contain  tourmaline,  which  sometimes 
baa  replaced  biotite,  sometimes  felspar.  One  pebble  exhibiting 
reddish  spherulites  in  a  dark  matrix,  once  doubtless  glassy,  but 
now  devitrified,  is  not  like  any  British  rock  known  to  the  author. 
Of  the  dark  pebbles,  some  are  fine-grained  quartzites  blackened 
with  opacite ;  others,  varieties  of  '  schorl-rock ' ;  and  two.  (which 
Dr.  Q.  J.  Hinde  has  kindly  examined)  are  radiolarian  cherts, 
which,  however,  cannot  be  more  precisely  identified. 

The  mode  of  transport  and  source  of  the  pebbles  are  next 
considered.  The  reasons,  already  published,  for  a  fiuviatile,  as 
opposed  to  a  marine,  origin  are  briefly  summarized.  If  the  former 
be  accepted,  certain  conditions  must  be  satisfied,  which  bear  directly 
on  the  position  of  the  source.  These  beds  represent  the  destruction 
of  large  masses  of  rock.  If  brought  by  rivers,  those  must  have 
been  important  and  powerful,  of  a  continental  rather  than  an 
insular  type.  Hence  the  necessary  physical  conditions  exclude 
limited  districts  near  the  Midlands,  such  as  the  Wrekin,  Lickey, 
Hartshill,  and  Charnwood,  even  if  they  included  (which  is  not  the 
case)  the  right  types  of  rock.  As  regards  the  Longmynda,  their 
argillites,  if  they  occur,  are  not  common;  their  conglomerates  do 
not  exactly  resemble  the  Bunter  pebble-beds ;  their  *  Torridonian ' 
is  a  quartz-rhy elite  rather  than  a  quartz- felspar  grit.  The  rocks 
required  cannot  be  supplied  from  either  Wales,  the  Lake  District, 
or  the  Pennine  range,  and  we  have  no  reason  to  suppose  them 
concealed  under  Eastern  and  South- Eastern  England.  We  have 
therefore  to  choose  between  a  southern  and  a  northern  source. 
Cornwall  and  Devon  might  perhaps  furnish  the  schorl  -  rocks ; 
possibly  also  one  or  two  varieties  of  felstone  (though  this  is  doubt- 
ful) and  the  right  quartzites  and  quartz- felspar  grits  occur  in  the 
Budleigh  Salterton  pebble-bed.  But  the  characteristic  flat  ellipsoidal 
pebbles  of  grit,  dominant  here,  are  not  found  in  the  Midlands. 
Physical  conditions  also  seem  opposed  to  a  northward  flow  of  the 
rivers  of  Britain  in  the  earlier  part  of  the  Trias.  In  Scotland, 
however,  we  find  the  right  varieties  of  quartz\te>  Ux^  T^xvio^TivdaiSk 
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grit,  and  many  felstones,  some  apparently  identical  with,  others 
closely  related  to,  those  in  the  Midlands.  The  rarity  of  tourmaline 
rooks  in  that  region  is  the  only  diffioalty  in  looking  to  it  or  its 
vicinity  for  the  main  source  of  these  pehhles. 

2.  "  Further  Evidence  of  the  Skeleton  of  Eurycarpus  Otoent."  By 
Professor  H.  G.  Seeley,  F.R.S.,  P.L.S.,  V.P.Q.S. 

The  original  specimen  from  which  this  species  was  named  wu 
obtained  from  the  Sneewberg  (Sonth  Africa)  in  1876,  and  after 
being  doubtfully  referred  to  Dicynodon  was  described  and  figured  in 
1889.  It  was  presented  to  the  British  Museum  by  Mr.  Thomas  Bain 
through  Sir  Henry  Barkly.  The  skull  was  found  with  the  complete 
specimen,  and  a  short  memorandum  of  its  characters,  with  a  sketch 
of  the  skeleton,  including  the  skull,  was  made  by  Mr.  T.  Bain  and 
has  been  preserved  in  the  British  Museum.  FlnlF  of  the  counterpart 
of  the  slab  was  presented  to  the  author  by  the  Rev.  G.  Murray,  and  by 
means  of  it  complete  casts  of  part  of  the  skeleton  have  been  obtained. 

From  Mr.  Bain's  sketch  the  author  is  able  to  give  some  aooonnt 
of  the  skull,  including  its  dimensions.  From  the  material  mentioned 
above,  he  gives  new  facts  with  regard  to  the  vertebral  column,  the  ribs, 
the  shoulder -girdle,  the  fore -limb,  the  hind -limb,  and  the  armour, 
which  was  present  upon  the  limbs  and  the  fore-part  of  the  body. 

The  locality  from  which  the  animal  was  obtained  had  already 
yielded  to  Mr.  A.  G.  Bain  Zycosaurus  pardialis,  TigrisuchuB  simiu, 
CynosuehuB  suppostus,  Scalapoaavrus  conairietus,  and  Dieynodom 
leoniceps.  It  would  therefore  appear  to  be  one  of  the  chief 
localities  for  the  Lycosaurian  types  of  Theriodontia  and  to  be  on 
tlie  horizon  of  the  Dicynodon-hods.  The  recovery  of  the  missing 
half  of  the  Murray  slab,  with  the  evidence  of  the  skull  and  pelvis 
which  it  would  give,  is  to  be  desired  in  completion  of  our  knowledge 
of  this  fossil  animal. 

II.— March  7,  1900. -J.  J.  H.  Teall,  Esq.,  M.A.,  F.R.S.,  President, 
in  the  Chair.     Tlie  following  communications  were  read  : — 

1.  "Notes  on  the  Geology  of  Gilgit."  By  Lieut.-Gen.  C.  A. 
MoMahon,  F.RS.,  F.G.S. 

This  paper  is  based  on  observations  in  the  field  made  by  Capt. 
A.  II.  McMahon.  C.S.I.,  O.I.E.,  F.G.S.,  and  Capt.  J.  R.  Roberts, 
I.M.S.,  and  on  the  petrological  examination  of  the  specimens  sent 
home  by  them.  It  is  divided  into  three  parts.  Part  I  refers  to 
the  work  of  previous  observers,  and  embodies  a  brief  petrological 
description  of  the  lour  granites  and  aplito  intrusive  in  the  sedimentary 
rocks  of  Gilgit.  Part  II  consists  of  a  topographical  account  of  the 
Gilgit  rocks  from  Askolo  and  Nanga  Parbat  on  the  south  to  the 
northern  passes  leading  into  the  Russian  Pamirs.  Part  III  recites 
the  author*8  conclusions  from  the  facts  recorded  in  the  paper. 
Briefly  stated,  they  are  as  follows  : — 

That  at  one  period  in  the  elevation  of  the  Hindu  Kush  the  strata 
were  thrown  into  a  series  of  folds  and  compressed  into  a  series  of 
uniclinal  beds  with  a  vertical  dip. 

That  the  direction  of  the  main  drainage  of  the  area  was  determined 
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>efoTe,  or  at  the  commencement  of,  the  last  series  of  earth-movements 
;liat  crumpled  up  the  strata. 

The  sedimentary  rocks  were  profusely  invaded  by  granite  and 
iiorite,  and  profoundly  metamorphosed  by  contact-action. 

As  regards  the  age  of  the  rocks,  the  author  gives  his  reasons  for. 
Identifying  the  Gilgit  limestones  with  the  conformable  Carbo-Triassic 
series  of  the  Himalaya.  This  series  was  mapped  by  Mr.  K. 
Lydekker,  F.R.S.,  in  the  neighbouring  district  of  Kashmir,  and  it 
has  been  traced  up  to  the  border  of  Gilgit.  Sir  Martin  Conway's 
specimens,  reported  on  by  Professor  Bonney  and  Miss  Baisin,  enable 
the  author  to  connect  it  with  the  limestones  of  Gilgit.  From  this 
correlation  the  author  concludes  that  the  oldest  rock  in  the  Gilgit 
area  is  of  Silurian  or  Lower  Carboniferous  age,  and  that  the  most 
recent  are  of  Triassic  or  even  later  age.  As  all  the  granites  are 
intrusive  in  the  most  recent  beds,  it  follows  that  the  granites  are 
younger  than  the  Trias.  The  author  gives  his  reasons  for  believing 
that  the  oldest  granite  was  erupted  while  the  crumpling  of  the  Gilgit 
rocks  was  in  progress ;  but  that  a  portion,  at  all  events,  of  the 
younger  granites  was  erupted  after  the  crumpling  had  taken  place. 

The  author  offers  an  hypothesis  to  explain  certain  structures 
found  in  the  Gilgit  granites,  including  the  granophyric  structure  so 
common  in  them. 

All  the  Gilgit  granites,  the  author  believes,  came  from  the  same 
Igneous  reservoir,  the  differences  in  them  being  due  to  gradual  and 
progressive  silification  caused  by  the  gradual  crystallizing  out  of 
the  comparatively  basic  minerals ;  the  process  extending  over  a  long 
period  of  time  measured  in  years. 

2.  ''  The  Bocks  of  the  South-Eastern  Coast  of  Jersey,"  By  John 
Parkinson,  Esq.,  F.G.S. 

In  this  paper  the  author  has  continued  the  study  of  the  deep- 
seated  rocks  of  Jersey  begun  in  a  cuminunication  presented  to  the 
Society  last  session  entitled  **  On  an  Intrusion  of  Granite  into 
Diabase  at  Sorel  Point  (Northern  Jersey)."  A  great  resemblance 
exists  between  these  rocks  in  the  north  and  south  of  the  island, 
and  it  is  concluded  that  they  represent  parts  of  the  same  magma ; 
but  in  the  south-east  additional  complications  arise,  owing  to  the 
intrusion  of  another  rock  before  the  invasion  of  the  granite.  For 
convenience  of  study  the  district  under  discussion  is  divided  into 
two  parts,  an  eastern  and  a  western,  separated  the  one  from  the 
other  by  the  western  termination  of  the  Greve  d'Azette.  In  the 
eastern  district  the  granite  and  the  intrusive  rock  which  preceded  it 
are  found  ;  in  the  western  a  rather  different  rock  invades  the  diabase. 
The  latter  is  correlated  with  theaplite  intrusion  of  the  noilhern  coast. 

Taking  first  the  earlier  intrusion  found  at  Le  Nez  Point,  it  is 
shown  that  it  consists  of  a  rock  more  acid  than  a  diorite,  but  on 
the  whole  nfore  basic  than  the  granite  which  followed  it.  Micro- 
scopical examination  indicates  that  it  was  poor  in  ferro-magnesian 
minerals,  and  that  quartz  and  orthoclase,  though  present,  are  not 
found  in  the  proportion  which  characterizes  the  gtaxvVV,^.  ToS& 
rock,  the  exact  composition  of  which  it  is  not  eas^  lo  ^\^eoN^x,\vsiA 
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ioTaded  the  diabaaay  as  well  as  a  dioritio  rook  aaiooiated  with  it, 
fitreaking  and  yeining  them.  Mixing  took  plaoe  aa  a  reaalt  of  aooh 
intrusion,  producing  a  composite  rook  charaoterised  by  elongated 
hornblendes  which  occasionally  attain  a  considerable  size.  Mioa  is 
oonspicuously  absent 

The  intrusion  of  the  granite  following  this  is  next  desoribed. 
Here,  as  on  the  northern  coast,  local  absorption  of  the  older  rook 
has  taken  place.  The  resemblance  between  the  mixed  rocks  is 
commented  upon,  and  a  parallel  drawn  between  the  basic  and  aoid 
rooks  of  Jersey  and  the  eastern  and  northern  coasts  of  Guernsey- 
Passing  to  the  western  district-,  the  aplite  of  St  Elisabeth's 
Castle  is  desoribed,  together  with  the  melting  and  absorption  which 
have  taken  plaoe  as  a  consequence  of  this  intrusion.  Field  eyidenoe 
indicates  that  this  is  later  Uian  any  intrusion  found  in  the  eastern 
district,  though  the  dififerenoe  in  age  is  probably  but  slight;  thus 
it  bears  out  the  results  of  work  on  the  northern  coast,  where 
the  intrusion  of  an  aplite  was  found  to  have  followed  that  of 
a  porphyritio  granite.  Reasons  are  given  in  the  body  of  the 
paper  for  believing  that  successive  intrusions  cannot  be  separated 
the  one  from  the  other  by  hard-and-fast  lines.  Finally,  it  is 
suggested  that  the  various  rooks  considered  are  closely  related,  and 
indeed  form  parts  of  one  magma,  the  successive  injections  of  which 
i)ecame  progressively  more  acid. 

8.  ''The  Rocks  of  La  Saline  (Northern  Jersey)."  By  John 
Parkinson,  Esq.,  F.G.S. 

The  rocks  of  La  Saline  closely  resemble  those  of  Sorel  Point, 
about  a  mile  to  the  west.  A  coarse  porpbjritio  granite  is  found 
in  the  upper  part  of  the  cliff  which  passes  rapidly  into  an  equally 
iioarse  but  redder  rock,  approaching  an  aplite  in  composition.  The 
latter  occasionally  contains  mica  in  some  quantity,  and  evidence 
is  given  for  concluding  that  this  mineral  has  been  produced  by 
the  combination  of  the  constituents  of  the  augite  of  a  dolerite, 
through  which  the  acid  magma  forced  its  way,  and  the  felspathic 
parts  of  the  magma  itself.  This  evidence  is  based  (i)  on  the  fact 
that  in  one  part  of  the  Bay  a  few  outcrops  of  rock  are  found 
identical  witii  otiiers  from  Sorel  Point,  which  have  been  clearly 
formed  by  the  absorption  of  fragments  of  diabase  (dolerite)  by  an 
acid  magma  ;  (ii)  on  the  presence  of  fragment-like  patches  rich 
in  mica  in  the  aplite  itself;  (iii)  by  the  irregular  distribution  of  this 
mineral  through  tlie  acid  rock.  A  peculiar  quartz-less  rock  is  next 
described  containing  large  orthoclases,  plagioolase,  and  chlorite: 
it  in  concluded  that  the  last-named  mineral  is  derived  from  mica. 
With  some  hofiitation  the  structure  of  this  rock  is  explained  by 
supposing  that  the  intruding  magma  melted  a  mass  of  dolerite, 
completely  diBPolved  the  felspar,  and  produced  mica  in  the  manner 
indinitod  above  ;  and  that  as  freedom  of  movement  wfis  not  greatly 
reBtricted,  pej^regation  of  the  basic  elements  followed,  enclosing 
among  them  nnnu^rnus  porphyritio  orthoclases.  Some  movement 
of  the  whole  then  appears  to  have  taken  place. 
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FTSROCONUS  MISUS,  HINDE. 

Sn, — Last  Spring  Mr.  Upfield  Oreen  allowed  me  to  see  the  ibesih 
to  irhioh  he  afterwards  gave  the  name  NereitaptU  CormuUeu$  in  the 
Tniia.  Boy«  Geol.  Soa  Oomwall,  voL  zii,  p.  227,  regarding  them  as 
AnneKda.  While  studying  them,  point  after  point  came  oat  which 
fbroed  me  to  the  conclusion  that  they  belonged  ^ithsr  to  Ortkoemr>a§ 
<ir  to  a  closely  allied  genus.  The  surface  ornament^  the  oontonr» 
the  aepta»  mnd  other  details  seemed  thus,  and  only  thus,  ezpUcablei 
The  chief  perplexity  was  that,  while  the  other  parts  were  crushed 
and  partially  obliterated,  the  siphuncle  remained  rigid;  but  the 
consideration  of  Aetinoceras,  and  still  more  Huroma^  seemed  almost 
to  clear  tiin  away,  and  I  felt  able  to  tell  Mr.  Qreen  that  they  were 
in  my  opinion  certainly  Cephalopoda. 

With  these  fossils,  or  some  of  them.  Dr.  Hinde  identifies  those 
collected  by  Mr.  Howard  Fox  at  Bedruthan,  to  which  he  has  given 
the  name  Pterocanus  mirua  on  p.  149  of  the  present  volume  of 
the  OsoLooiCAL  Magazinb,  regarding  them  as  Hyolithid».  These 
foaails  he  has  very  kindly  shown  to  me,  and  with  the  identity 
of  three  of  the  specimens  (his  figs.  2,  3,  4)  I  agree,  though  still 
mentoring,  in  spite  of  such  weighty  authorities  as  Dr.  Hinde  and 
Mr.  Crick,  to  believe  that  I  see  in  them  Cephalopoda.  The  fossil 
represented  by  his  fig.  1,  I  confess  that  in  my  hurried  examination 
of  it  I  oould  not  fully  decipher ;  nor  did  I  feel  quite  certain  that 
it  was  the  same  as  the  rest ;  but  at  the  same  time  some  Devonian 
Orthocerata  which  1  have  seen  did  appear  as  if  tbey  might  go  some 
way  toward  explaining  it. 

Fossils  in  such  an  extremely  obscure  state  of  preservation  may, 
I  think,  allow  of  a  different  interpretation  without  disrespect  to  the 
aothority  of  my  valued  friends  ;  and,  indeed,  I  think  that  my 
dififerenoe  of  view  is  mainly  due  to  my  regarding  them  as  masked 
and  distorted  by  the  processes  of  fossilization  to  a  very  much  greater 
extent  than  they  appear  to  consider.  G.  F.  Whidbobne. 

FOSSILS  IN  DEVONIAN  ROCKS  OF  NORTH  CORNWALL. 
SiK, — The  fossils  figured  by  Mr.  Green  in  the  Transactions  of 
the  Geological  Society  of  Cornwall  under  the  name  of  Nereitopsis 
Comuhieus  being  very  interesting  ones,  their  further  illustration  and 
description  in  the  more  widely  circulating  Geological  Magazine 
is  a  matter  of  congratulation.  But  is  the  renaming  of  them  quite 
in  accordance  with  accepted  rules  of  noraenclature  ?  Dr.  Hinde  in 
his  paper  ^  mentions  the  fact  that  Mr.  Green  did  not  fully  describe 
it ;  but  many  accepted  names  rest  on  figures  alone.  He  also  states 
that  as,  in  his  opinion,  the  fossils  could  not  "  in  any  way  resemble 
any  species  of  NeretSy^*  the  name  is  **  misleading  and  should  be 
changed.'*  But  has  not  the  author  of  a  genus  the  right  to  express 
in  the  name  what  the  form  reminds  him  of,  even  if  the  resemblance 
be  fanciful  ? — e.g.  Ophtopnis,  Ptleopf^is,  Galeopsis,  And  would  not 
the  new  name  proposed  (Pteroconna)  be  open  to  the  same  ob^^QlvQw^ 

1  Geol.  Mag.,  Dec.  IV,  Vol.  VII,  p.  \\*X 
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the  first  half  comparing  the  ''  flap-  or  fin-like  extensions*'  to  ft  m0f 
which   is    not  a  serial   organ,   and    the   seoond    half  suggesting 
a  relationship  to   a  genus  of  shells?    As   to   the   speoifio  name# 
Mr.  Green  gave  the  name  Cornubicna  to  his  specimens  as  a  groop^ 
regarding  them  as  specifically  one ;  but  if  they  are  to  be  diTided, 
then  his  statement  that  a  certain  specimen  *'  differs  from  tbe  othen'^ 
indicates  that  the  "  others  "  are  regarded  as  the  type.     As  Dr.  Hinds 
says  he  is  ''  undecided "  whether  liis  specimens  are  different  from 
these  others,  it  follows  that  the  statement  Bp.  nov.  after  tbe  name 
he  gives  is  quite  unproved.     I  would  also  point  out,  what  cannot 
have   struck   Dr.  Hinde,   that  the  name  mirus  implies    that  the 
specimens  so  named  are  the  first  discovered.     One  is  not  aBtonished 
at  further  examples  of  a  known  form,  however  wonderful,  turning 
up,  and  Mr.  Green  showed  his  s[>ecimens  to  his  friends,  Cornish  and 
others,  and  recognized  examples  in  the  Penzance  Museum  before  the 
beginning  of  last  year,  when  Mr.  Fox's  specimens  were  found. 
In  justice,  therefore,  to  Mr.  Green  the  new  name  ought  to  be  relegated 
in  toto  to  the  synonymy. 

As  to  the  nature  of  the  organiHms  represented,  there  will  probably 
continue  to  l>e  a  difference  of  opinion.  The  use  of  the  word 
*  shell'  in  Dr.  Hinde's  description  is  an  assumption,  as  it  is 
admitted  that  nothing  now  remains  but  "  some  compound  of 
iron,"  which  may  be  derived,  as  in  the  case  of  tbe  chalk 
Ventriculites,  from  other  things  than  shells.  The  irregularity  of  the 
outline  indicates  rather  a  soft-bodied  animal.  The  downward  bend 
of  the  flaps  in  one  specimen,  their  upward  bend  in  another,  and 
the  straight  direction  of  their  bases  in  a  third  indicate  that  they 
were  flexible.  Dr.  Hinde  seems  to  think  that  downward-bending 
flaps  on  both  sides  might  appear  as  upward-bending  if  the  fossil 
were  turned  round  on  its  median  axis,  but  this  is  impossible.  He 
also  states  that  we  cannot  tell  whether  the  dorsal  and  ventral  sides 
are  alike  or  not ;  but  as  in  one  specimen  each  later  flap  "  dips  slightly 
under  "  the  next  preceding,  we  can  tell  that  we  are  looking  at  the 
opposite  side  in  any  other  specimen  if,  as  appears  to  be  the  case 
in  his  second  figure,  the  later  flap  lies  slightly  over  the  next 
preceding.  The  supposed  rod  may  very  well  be  the  remains  of 
the  intestine  filled  with  matrix,  or  mere  folds  in  the  shrunken 
integument.  In  Mr.  Greenes  specimens  the  bases  of  the  flaps  are 
somewhat  swollen,  and  the  distal  lines  are  slightly  radial  rather 
than  absolutely  parallel. 

If,  then,  we  figure  a  soft-bodied  animal,  lineally  elongated,  with 
a  series  of  flexible  organs  on  each  side  consisting  of  oblique  flaps 
ending  distally  in  slightly  radiating  prolongations,  the  description 
fits  80  well  with  that  of  a  polychu>tai  annelid,  as  exhibited  by  many 
larvio  and  by  the  adult  of  Aphrodite,  and  so  ill  with  that  of  any  other 
known  group  of  organisms,  that  this  interpretation  of  the  fossils 
seems  the  most  reasonable,  especially  as  we  have  reason  to  believo 
tiiat  this  group  wjis  well  established  before  the  Devonian  period. 

J.  F.  Blake. 

EniiATiM, — On  p.  14:7,  line  VJ,  for  **  ^idwivoite"  read  •*  inadunate.'' 
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L — Bala  Lake  and  thb  Biyib  System  of  Nobth  Wales. 

By  Philip  Lake,  M.A.,  F.6.S. 

(With  a  folding  Map,  PLATE  XI.) 

(Concluded  from  the  May  Number,  p.  215.) 

Watersheds  in  other  Valleys, 

IN  North  Wales  there  are  several  valleys  which  ran  parallel 
or  nearly  parallel  to  the  valley  of  the  Bala  fault,  and,  like  it, 
are  crossed  by  watersheds  which  are  quite  inconspicuous.  One  of 
these  watersheds  separates  the  head  of  Cwm  Prysor  from  the  souroe 
of  Afon  Tryweryn  ;  a  second  parts  the  springs  of  the  Conway 
from  those  of  Afon  Dwyryd  ;  and  a  third  divides  the  waters  of 
Nant  Ffrancon  from  those  of  Afon  Llugwy  (a  tributary  of  the 
Conway).     (PI.  XL) 

In  the  first  two  cases  the  valleys  are  not  deep,  but  they  are 
sufficiently  defined  to  form  the  lines  chosen  for  the  railway  from 
Bala  to  Ffestiniog,  and  for  the  road  from  Ffestiniog  to  Denbigh ; 
and  in  the  third  case,  the  valley  is  at  least  as  striking  as  that  of 
the  Bala  fault,  and  the  watershed  is  even  less  conspicuous  than 
that  at  Pant-gwyn. 

All  these  watersheds  lie  upon  one  straight  line — a  line  drawn 
from  Pant-gwyn  to  a  point  1,200  yards  east  of  Llyn  Ogwen.  This 
Tnay,  indeed,  be  a  mere  coincidence,  but  the  coincidence  is  remarkably 
close,  and  it  seems  more  probable  that  the  positions  of  the  watersheds 
have  been  determined  by  some  general  cause. 

It  can  scarcely  be  supposed  that  ever  since  the  formation  of 
these  valleys  (which  are  certainly  pre-Glacial)  the  whole  of  Wales 
lias  remained  absolutely  fixed  and  immovable.  And  if  the  region 
lias  moved  at  all,  there  is  little  difficulty  in  supposing  that  the 
motion  was  not  uniform  throughout.  A  very  slight  differential 
movement,  even  now,  would  be  sufficient  to  alter  the  positions  of 
these  watersheds ;  and  it  is  quite  possible,  therefore,  that  their 
present  positions  have  been  fixed  by  former  movements. 

It  may  be  remarked  that  this  straight  line  crosses  two  other 
important  valleys  in  which  it  does  not  coincide  with  the  watersheds 
— the  valley  of  Afon  Lledr  and  Nant-y-gwryd.  But  this  is  easily 
explained  if  we  suppose  that  the  heads  of  these  valleys  stood  too 
high  to  be  affected  by  the  differential  movements.     Mot^^^\/ycl 
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each  case  there  is  some  evidence  that  near  to  the  spot  where  the 
line  crosses,  the  rooky  floor  is  higher  than  it  is  farther  ap  the 
▼alley. 

In  the  valley  of  Afon  Lledr  the  line  crosses  a  litUe  way  below 
Boman  Bridge  station.  Above,  the  river  flows  through  an  allaviil 
flat:  here,  rooky  spurs  run  down  to  the  stream,  and  the  stream 
itself  flows  over  rock  in  sitiL 

Nant-y-gwryd  is  crossed  near  Dyffryn  Mymbyr,  The  stream 
flows  over  a  drift-covered  flat;  but  at  this  point  a  line  of  rocky 
knolls  rises  through  the  drift. 

These,  then,  are  perhaps  attempts  at  watersheds,  frustrated  by 
the  fact  that  the  heads  of  the  valleys  lay  at  a  higher  level.  I  am 
not,  however,  disposed  to  attach  much  importance  to  these  unfinished 
watersheds,  until  the  ground  has  been  more  closely  examined.  The 
evidence  is  somewhat  doubtful,  and  near  Boman  Bridge  it  is  possible 
that  the  river  has  forsaken  its  ancient  channel. 

Development  of  the  Biver  System  of  North  Wales, 

Among  the  most  striking  features  in  the  topography  of  North 
Wales  are  the  long  deep  valleys  which  run  from  north-east  to 
south-west,  and  which,  where  they  enter  the  sea,  form  the  wide 
estuaries  of  the  Mawddach,  Dyfi,  eta  Many  of  these  valleys  are 
dry  for  a  considerable  part  of  their  course,  or  are  oocapied  only 
by  little  streamlets  out  of  all  proportion  to  their  own  size.  They 
nre  crossed  by  the  principal  watersheds  of  the  district,  and  even 
at  these  points  the  floors  of  the  valleys  are  comparatively  low. 
They  are  not  perfectly  straight,  but  generally  form  curves  of  long 
radius,  the  convexity  of  which  faces  the  south-east.     (PI.  XI.) 

Sometimes,  at  least,  the  valleys  coincide  with  lines  of  fault ; 
and  in  one  case,  as  I  have  shown,  two  faults  form  a  trough  for 
a  certain  distance,  and  the  floor  of  the  valley  coincides  with  the 
bottom  of  the  trough. 

My  examination  of  the  region  not  being  by  any  means  complete, 
I  do  not  attempt  upon  the  accompanying  map  to  trace  these  valleys 
continuously  across  the  district ;  but  have  merely  indicated  by 
heavy  broken  lines  the  principal  streams,  or  portions  of  streams, 
flowing  in  valleys  which  I  believe  to  belong  to  this  N.E.-S.W. 
system.  The  continuity  of  the  valleys  is  nevertheless  sufiiciently 
evident,  although  not  quite  so  clear  as  it  is  in  the  field. 

Among  the  most  important  of  these  valleys,  or — to  make  less 
of  an  assumption — of  these  lines  of  valleys,  are  the  following : — 

1.  The  Menai  Straits. 

2.  The  estuary  Traoth-bach,  Afon  Dwyryd,  Cwm-tegwel,  Afon 
Machno. 

o.  Mawddach  estuary,  Afon  Wnion,  Afon  Dyfrdwy  below  Pant- 
gwyn,  Bala  Lake,  Afon  Meloch,  Biver  Alwen  from  Maerdy  to 
Bettws  Gwerfil  Goch,  and  possibly  a  part  of  the  Clwyd. 

The  Mawddach  estuary  is  not  in  a  line  with  the  general  direction 
of  the  Wnion.  A  valley  in  more  direct  continuation  of  the  latter  is 
that  in  which  lies  the  high  road  from  Dolgelly  to  Towyn. 


Philip  Lake — Bala  Lake  and  River  System,  243 

4.  Valley  of  Tal-y-llyn  and  the  Towyn  Bailway.  Nearly  in 
line  with  this,  but  apparently  quite  disconnected,  is  the  Valley 
of  the  Dee  between  Llandderfel  and  Gorwen,  and  the  valley  of 
Nant  Morwynion. 

5.  Afon  Dyfi  up  to  Cemmaes,  and  perhaps  to  the  source  of  the 
river. 

6.  Biver  Banw  from  Llanfair  to  its  junction  with  the  Vymwy; 
then  the  Vymwy  to  its  junction  with  the  Tanat.  The  rivers  Oeiriog 
and  Dee  below  Chirk  perhaps  belong  to  this  valley. 

7.  Biver  Severn  from  Llanidloes  to  its  junction  with  the  Tanat 
Among  the  smaller  valleys  belonging  to  this  system  are  (a)  Owm 

Prysor  and  Afon  Try  weryn  above  its  junction  with  Afon  Gelyn,  and 
(h)  a  small  part  of  the  Vyrnwy  below  the  Liverpool  Waterworks, 
Biver  Marchnant,  Biver  Ceiriog  from  Llanarmon  Dyfifryn  Ceiriog 
to  Llansantffraid  Glyn  Ceiriog.  Other  shorter  valleys  of  similar 
character  and  direction  undoubtedly  exist,  but  these  I  have  made 
no  attempt  to  indicate. 

A  closer  examination  would  certainly  reveal  more  clearly  the 
connection  and  continuations  of  some  of  these  valleys :  but  enough 
is  shown  upon  the  map  to  prove  that  some  at  least  of  these  lines 
of  valleys  are  continued,  with  little  or  no  interruption,  for  great 
distances. 

That  these  valleys  have  exercised  a  profound  influence  upon  the 
-drainage  of  the  country  is  quite  clear,  and  most  of  the  principal 
rivers  lie  in  them.  They  cut  up  the  country,  more  or  less 
completely,  into  parallel  strips  ;  and  tlie  drainage  of  each  strip 
is  intercepted  by  one  or  other  of  these  parallel  valleys.  In  the 
most  northerly  strip,  between  the  Menai  Straits  and  Traeth-bach, 
most  of  the  streams  flow  northwards.  Bat  in  the  others  the 
greater  part  of  the  drainage  of  each  strip  falls  into  the  valley  lying 
south  of  it ;  while  the  streams  which  run  northward  are  generally 
email  and  unimportant. 

For  instance,  entering  the  valley  of  the  Bala  fault  from  the  north, 
we  have  Afon  Eden,  Afon  Lliw,  Afon  Llafar,  Afon  Try  weryn,  the 
Ceirw,  and  the  Alwen  ;  while  from  the  south,  the  most  important 
is  Afon  Twrch  in  Cwm  Cynllwyd. 

Tlie  question  then  arises,  was  the  drainage  of  each  strip  estab- 
lished independently,  after  the  formation  of  the  long  valleys ;  or 
was  the  drainage  established  first,  and  the  long  valleys  formed 
afterwards  ?  In  the  former  case  there  would,  presumably,  be  no 
connection  between  the  streams  of  adjacent  strips ;  in  the  latter, 
we  should  expect  the  more  important  streams  of  one  strip  to  have 
their  representatives  in  the  next. 

Beginning  with  the  streams  which  flow  into  the  valley  of  the 
Bala  fault  from  the  north,  we  have  first  Afon  Eden,  with  its 
tributary  Afon  Mawddach.*  This  important  river  runs  southward 
till  it  enters  the  Mawddach  estuary  at  Llanelltyd,  where  it  turns 
suddenly  almost  at  right  angles.     But  if  we  continue  tl\p  line  of 

^  After  the  junction  of  these  two  the  river  is  called  the  Mawddach.     Bvit  tV\ft 
Eden  ia  clearly  the  principal  branch,  inasmuch  a.s  it  maiutaiiL«i  its  C^ievilvm  \\\i(i\L<Qk\i^!^. 
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ttie  Eden  aoross  the  valley  and  over  the  opposite  hills,  it  leads  u 
into  Afon  Dulae.     The  Dulas  maintaina  the  same  direotion  until 
it  enters  the  valley  of  the  Dyfi,  where  it  also  is  deflected  to  tbe 
right.     If  we  neglect  this  deviation  and  proceed  in  the  same  line, 
we  come  again  upon  another  stream  flowing  in  the  same  direotion, 
namely,  Afon  Bheidol.    This  river  nms  southward  as  far  as  Devil'fr 
Bridge,  where  it  in  turn  is  suddenly  deflected  at  right  angles,  so 
as  to  enter  the  sea  at  Aberystwith.     Bat  our  line  is  oontinned  still 
further  by  the  upper  part  of  the  Ystwyth  and  the  valley  of  the  Teifi. 

So  exactly  are  all  these  rivers — the  Eden,  Afon  Dulas,  the  upper 
parts  of  Afon  Bheidol,  and  of  the  Ystwyth  and  the  Teifi — in  the 
same  line,^  that  the  valleys  to  which  they  belong  seem  all  to  be 
portions  of  one  great  valley,  the  head  of  which  probably  lay  as 
far  north  as  Blaeuau  Ffestiniog.  This  valley,  according  to  my 
views,  was  subsequently  broken  up  by  the  formation  of  the  transverse 
valleys  belonging  to  the  N.E.-S.W.  system. 

Similarly,  on  the  south-east  side  of  the  Bala  fault,  we  find  the 
continuations  of  Afon  Lliw  and  Afon  Llafar  in  the  river  which  is 
now  called  the  Vymwy ;  of  Afon  Tryweryn  in  the  Biver  Tanat ; 
of  the  Ceirw  (probably)  in  the  Ceiriog;  and  of  the  Alwen,  in  the 
Dee  below  Cor  wen. 

Another  important  stream  south  of  the  Bala  fault  is  the  Banw, 
and  possibly  tbe  original  head-waters  of  this  are  represented  by 
the  upper  part  of  the  Dyfrdwy. 

The  Banw,  the  Vymwy,  and  the  Tanat,  all  enter  the  sixth  of 
the  N.E.-S.W.  valleys  given  in  the  list  on  a  previous  page.  The 
Banw  and  the  Vyruwy  are  deflected  and  flow  along  this  valley ; 
but  tbe  Tanat  maintains  its  original  course  and  even  crosses  the 
next  transverse  valley.  The  original  continuation  of  the  Banw 
is  probably  to  be  looked  for  in  the  lower  part  of  Afon  Hhiw  and, 
across  the  Severn,  in  tho  Onny  liiver. 

If  wo  assume  that  tbe  Eden,  Lliw,  etc.,  were  the  upper  portions 
of  the  valleys  which  I  have  endeavoured  to  trace,  we  must  conclude 
that  before  tbe  transverse  valleys  were  formed — those  which  now 
run  from  north-east  to  south-west — a  radiating  system  of  drainage 
was  established,  the  centre  of  which  lay  in  the  high  ground  at  and 
near  the  present  source  of  the  Conway.- 

This  appears  also  to  be  the  centre  from  which  radiate  the  principal 

^  It  will  be  nr)ticed  that  this  line  is  jilmost  exactly  parallel  to  the  preneral  trend  of 
the  coast  of  Cardigan  Bay,  u  fact  which  secnis  to  point  to  some  community  of  ori^n. 

*  If  the  radial  vallovr*  existcKl  bel'«)re  the  formation  of  tho  transverse  Vallovs,  we 
might  expect  that  where  tho  lines  joining  the  remnants  of  tho  radial  valleys  cross 
the  intervening  ridges*,  there  should  he  a  col  or  depression;  and  this  is,  indeed, 
ver}*  commonly  the  case.  Moreover,  opposite.-  each  important  stream  where  it  enters 
a  transverse  valley,  there  is  generally  a  little  vjdley  running  down  from  the  ct>l  and 
entering  the  transverse  vall(?y  on  the  opposite  side.  For  example,  opposite  the 
point  where  Aton  Lliw  enters  the  valley  ot  the  Bala  fault,  a  valley  runs  in  from 
tho  col  called  Bwlch-y-pawl,  which  is  situated  at  the  he^id  of  the  lUver  VjTnw}'. 
Opposite  Afon  Tryweryn  is  the  valley  of  the  Ilimant,  and  I'rora  this  wo  pass'  acnw 
a  col  into  the  head  of  Afon  Tanat.  Similarly,  in  the  line  of  tbe  Ceirw  we  find 
Afon  Trystion  entering  the  valley  of  the  Dee  from  the  opposite  side  ;  and  from  the 
Jicad  of  Afou  Trystion  a  decided  depression  leads  us  to  tho  head  of  the  Ceihog. 
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tributaries  of  the  Clwyd;  the  Conway  itself;  and  the  rivers  of 
Snowdonia,  which  occupy  Nant  Ffrancon,  the  Vale  of  Llanberis,  and 
the  valley  of  Llyn  Cwellyn.  I  am  not,  however,  in  a  position  to 
fliscoss  this  question  more  fully,  nor  am  I  prepared  to  assert  that 
all  these  streams  belong  to  the  same  radial  system. 

There  is  certainly  one  important  river  which  seems  to  be  exoeptionaly 
namely,  the  river  which  flows  through  the  pass  of  Aberglaslyn. 

But  the  broad  outlines  of  the  river  history  of  North  Wales  seem 
to  be  olear.  A  radial  system  of  drainage  was  established ;  and 
raboeqaently  a  series  of  transverse  valleys  was  formed,  which  broke 
up  the  radial  system  into  sections,  and  each  of  the  main  transverse 
valleys  carries  away  the  drainage  of  one  or  other  of  these  sections. 

The  transverse  valleys  were,  I  believe,  formed  by  faults,  with 
an  upheaval  on  one  side;  but  further  investigation  is  needed  to 
elucidate  this  point.  One  of  the  faults  appears  to  have  assumed  for 
some  distance  the  character  of  a  trough,  with  the  consequent 
formation  of  a  lake,  which  is  now  Bala  Lake ;  and  it  seems  that  the 
development  of  this  trough  was  subsequent  to  the  original  formation 
of  the  valley. 

If  it  were  not  for  these  transverse  valleys,  the  drainage  system 
of  North  Wales  would  be  very  similar  to  that  of  the  Lake  District, 
and  the  Vale  of  Clwyd  would  be  the  analogue  of  the  Yale  of  Eden 
in  Cumberland. 

Summary. 

La  the  foregoing  pages  I  have  endeavoured  to  throw  some  light 
apon  the  formation  of  Bala  Lake  and  to  sketch  the  development 
of  the  present  somewhat  complicated  river  system  of  North  Wales. 
The  explanation  suggested  is  simple  and  fairly  consistent;  but  it 
is  still,  in  many  respects,  hypothetical.  This  is  especially  the  case, 
perhaps,  with  regard  to  the  share  attributed  to  the  faults,  in  the 
production  of  the  present  topography  of  the  country.  On  this  and 
many  other  points,  further  research  is  certainly  necessary.  Yet 
from  the  evidence  adduced,  it  seems  that  the  following  conclusions 
may,  with  some  probability,  be  drawn  : — 

1.  Bala  Lake  belongs  to  the  same  valley  as  the  Kiver  Wnion  ;  and 
the  drainage  of  this  valley  formerly  flowed  into  the  sea  near  Barmouth. 

2.  Bala  Lake  and  the  rest  of  the  valley  as  far  to  the  south-west 
as  Pant-gwyn  lie  in  a  trough  between  two  faults,  modified  by  other 
faults  crossing  the  trough  obliquely. 

3.  The  position  of  the  watershed  in  this  and  in  several  other 
similar  valleys  has  been  determined  by  earth- movements. 

4.  The  original  drainage  system  of  North  Wales  was  a  radial 
system,  the  centre  of  which  lay  in  the  high  ground  around  the 
sources  of  the  Conway.  Subsequently  a  series  of  transverse  valleys 
vras  formed  which  divided  the  radial  system  into  sections,  and 
«aoh  of  the  principal  transverse  valleys  now  carries  away  the 
drainage  of  one  of  these  sections.  Bala  Lake  was  formed  in  one 
«f  the  transverse  valleys,  probably  not  at  the  same  time  as  the  valley 
itself,  but  at  a  somewhat  later  period. 
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n. — ^Thk  Pabent-book  of  thk  Diamond.    Befly  to  ▲  Cbitioisv. 

By  Professor  T.  G.  BoNSiSY,  D.Sc.,  LL.D.,  P.E.S. 

A  SHORT  time  sinoe  Mr.  Q.  Trabenbaoh,  Managing  Director  o: 
the  Newlands  Diamond  Mine,  West  Qriqualand,  drew  my 
attention  to  a  notice  by  Professor  Beck  ^  of  the  paper  which  I  read 
to  the  Royal  Society  last  June,  on  the  Parent-rock  of  the  Diamond 
in  South  Africa,  kindly  sending  me  a  translation  of  the  original. 
As  Professor  Beck's  criticisms  are  founded  on  such  a  travesty  of  my 
published  opinions'  that  I  can  only  suppose  his  knowledge  of 
language  to  be  very  imperfect,  and  as  the  hypothesis  which  hi 
advances  appears  to  me  untenable,  I  ask  permission  to  reply 
the  one  and  point  out  the  improbability  of  the  other. 

1.  Professor  Beck  objects  to  my  terming  the  crystalline  garnet* 
pyroxene  rock,  which  sometimes  contains  diamonds,  an  eologite, 
remarking,'  ''which,  however,  must  raise  doubts,  as  this  name 
has  hitherto  been  applied  only  to  a  similar  mineral  combination  of 
crystalline  schists  (sc^iV/tfr),  while  Bonney  particularly  emphasizes 
the  eruptive  nature  in  this  instance."  In  my  paper  I  took  the 
precaution  of  stating  that  I  was  well  aware  doubts  had  been 
expressed  in  the  past  as  to  the  origin  of  eologite,  but  that  after 
good  opportunities  of  studying  it  I  was  convinced  it  was  an 
intrusive  igneous  rook.  That  such  doubts  should  have  existed  is 
not  surprising.  The  significance  of  foliation  was  for  long  imperfectly 
understood,  and  as  eclogite  is  generally  associated  with  crystalline 
schists,  and  is  not  seldom  foliated,  it  was  supposed  to  have  had 
a  similar  origin.  In  such  cases  it  is  a  metaraorphic  rock,  but 
not  in  the  sense  formerly  implied  by  that  word ;  the  foliation  (by 
no  means  universal)  being  only  a  superinduced  structure,  while 
the  evidence  of  intrusion  is  sometimes  conclusive.  Eclogite  formerly 
was  left  with  sundry  other  little  understood  rocks  in  a  kind  of 
'  oddment '  drawer.^  Does  this  uncertainty  in  the  past  as  to  the 
genesis  of  a  rock  debar  us  from  using  its  name  afterwards  when 
we  are  able  to  do  it  with  more  precision  ?  Or  does  Professor  Beck 
mean  to  say  that  the  whole  history  of  a  rock,  as  well  as  its  mineral 
composition  and  structure,  must  be  known  before  we  can  give  it 
a  name?  In  both  the  latter  this  South  African  rock  is  truly  an 
eclogite,  and  I  maintain  the  name  may  legitimately  be  used  for  it, 
when  ill-grounded  uncertainties  as  to  the  genesis  have  been  cleared 
up.  What  does  Professor  Beck  mean  to  do  with  the  olivine  rocks 
(or  peridotites)  and  the  corresponding  serpentines?  There  also 
a  similar  doubt  as  to  origin  formerly  existed. 

2.  This,  however,  is  a  mere  diflference  of  opinion  on  a  question 
of  nomenclature.  I  pass  on  to  one  more  important.  Professor  Beck 
criticizes,  at  too   great  a   length  for  full  quotation,  my  supposed 

*  Zeifechrift  fiir  Praktische  Goologie,  December,  1899, 

•  Proc.  Royal  Soo.,  Ixv,  p.  223. 
'  I  quote  from  the  translation  sent  to  me  by  Mr.  Trubenboch,  though  I 

occasionally  made  a  slight  alteration  in  the  terms  used. 
'  See,  for  icstanc^,  Uotta  on  ilocks,  translated  by  Lawrence,  1878,  p.  310. 
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▼iawB  in  regard  to  the  original  home  of  the  diamond.  The  more 
important  part,  however,  runs  as  follows: — ''He  assumes  that 
they  (the  garnet  diopside  boulders)  are  fractures  from  a  muoh 
older  rooky  whioh,  having  been  subjeoted  to  the  same  action  as 
river  boulders,  were  brought  to  the  surface,  together  with  the 
kimberlitef  from  a  fluviatile  deposit,^  at  a  great  depth.  Quite 
naturally  he  now  deduces  the  hypothesis  that  all  the  diamonds 
found  in  the  kimberlite  have  their  origin  in  such  cUamanti/eroua 
BoapsUme  formation  (diamantaeifen)  deposited  in  the  depth  of  the 
Karoo  formation  and  brought  to  the  surface  by  the  same  eruptive 
sgenoies  as  produced  the  kimberlite  necks  (stocks)."  Professor 
Book  then  proceeds  to  argue  against  the  probability  of  these 
"  diamantiferous  soapstones''  underlying  the  whole  of  the  Karoo 
formation.  But  I  never  even  mentioned  a  soapstone,  and  do  not 
know  what  Professor  Beck  means  by  it,  unless  it  be  the  matrix 
of  the  so-called  kimberlite ;  neither  have  I  ever  asserted  anything 
like  the  sentences  which  I  have  placed  in  italics.  I  agree  with 
him  that  the  existence  of  a  bed  of  " diamantiferous  soapstone"  at 
the  base  of  the  Karoo  (i.e.  in  the  Dwyka  conglomerate)  is  most 
improbable,  but  of  that  he  is  the  sole  inventor,  and  1  strongly 
object  to  having  such  nonsense  fathered  upon  me.  I  have  read 
my  paper  again,  and  think,  speaking  from  some  experience  as 
a  writer,  that  it  oaght  to  be  intelligible  to  anyone  who  really 
understands  English.  I  did  not,  indeed,  elaborate  every  minute 
detail  of  the  argument.'  For  this  I  had  two  reasons — one,  that  as 
I  was  addressing  scientific  experts,  they  did  not  require  elementary 
instruction  ;  the  other,  that,  as  I  personally  object  to  elaborate 
demonstrations  of  the  obvious,  or  to  being  told  with  much  detail 
that  Queen  Anne  is  dead,  I  abstain,  as  far  as  possible,  from 
inflicting  this  penance  on  others.  What  1  said  amounted  to  this, — 
that  the  diamond  had  now  been  found  as  a  constituent  of  a  coarse- 
grained eclogite ;  that  this  eclogite  no  doubt  formed  part  of  an 
old  crystalline  floor,  underlying  the  Permo-Triassic  deposits,  from 
which  fragments  must  have  been  broken  off  and  rolled  by  water 
action  into  boulders ;  that  these  probably  had  been  inmates  of  the 
Dwyka  conglomerate;  that  after  the  Karoo  Beds  were  deposited, 
volcanic  explosions  had  shattered  much  of  the  crystalline  floor 
(eclogites,  peridotites,  etc.,  some  of  them  diamantiferous),  and  sent 
its  fragments  flying  up  together  with  the  overlying  Dwyka  con- 
glomerate^ and  Karoo  Beds;  and  that  the  pipe  was  ultimately 
tilled  up  with  this  broken  material,  which  was  subsequently  exposed 
to  solfatario,  perhaps  also  very  locally  to  contact  action. 

Thus  Professor  Beck  is  criticizing  an  hypothesis  which  is  none  of 
mine,  but  of  his  own  imagining.  From  this  I  turn  to  the  one 
which  he  proposes  as  a  substitute.  '^  We  take  the  garnet  diopside 
lumps,  notwithstanding  their  form,  not  as  actual  boulders,  but  of 

^  The  italics  are  mine. 
'  My  yiews  will  be  found  on  pp.  235,  236. 

^  The  boulders,  pebbles,  ana  mineral  grits  in  this  would  be  scattered  like  shot 
from  a  gun. 
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intra-tellurio  origin,  i.e.  oonoretions   of  the  kimberlitio   magnui. 
They  hold  the  same  position  to  kimberlite  as  the  well-known  oliviiie 
lumps  {olivinknollen),  which  sometimes  have  the  same  roanded-off 
form  and  smooth  surface,  to  the  basalt  in  which  they  are  inclosed." 
To  this  I  reply  that:  (1)  I  have  spent  some  time  in  the  endeavonr 
to    prove    that  kimberlite  is  only  a  fragmental   rock,^  and  the 
occurrence  in  any  peridotite  of  coarsely  crystalline  'concretions' 
of  garnet,  diopside,  enstatite,  etc.,  would  be  without  precedent 
(2)  It  has  yet  to  be  proved  that  these   '  olivinknollen '  in  basalt 
are   'concretions/  and  I  do  not  envy  the  man  who  attempts  the 
task.     I  have  examined  scores  of  them ;  they  are  seldom,  if  ever, 
really  well  rounded,  and  are,  I  believe,  fragments  of  a  peridotite, 
caught  up  by  the  basalt,  as  happens  to  pieces  of  granite,  gneiss, 
sedimentary  and  other  kinds  of  rock.     If  the  lumps  of  edogite 
are  concretions  it  is  strange  they  should  be  so  easily  separable  from 
the  enclosing  'kimberlite,'  and  still  more  so  that  the  minerals  at 
their  surface  should  so  often  be  cut  through  exactly  as  they  would 
be  by  attrition.     In  other  words,  speaking  from  a  wide  experience 
in  the  field,  I  am  certain  that  these  are  as  truly  boulders  as  any 
in  the  bed  of  an  Alpine  torrent     But  Professor  Beck,  apparently 
not  quite  satisfied  with  his   'concretion*  hypothesis,  goes  on  to 
suggest  that  rounding  **  may  be  accounted  for  by  a  rotatory  abrasion 
during  the  eruption  in  the  crater."    I  have  examined  the  materials 
of  a  good  many  volcanic  cones,  but  never  saw  such  perfect  rounding 
as  this,  and  as  I  foresaw  the  possibility  of  that  hypothesis  being 
advanced,  was  careful  to  insert  a  sentence  to  show  that  I  had  both 
considered  and  rejected  it.     Thus  I  find  myself  unable  to  admit 
either  the  justice  of  Professor  Beck's  criticisms  or  the  reasonableness 
of  his   hypothesis.      The  latter,  indeed,  suggests   to  me   that  its 
inventor   has  heard  the  "  mouse   squeak "  more  often  than   "  the 
lark  sing." 

III. — Derived  Limestones. 
By  Trofessor  W.  J.  Solla8,  D.Sc,  F.R.S. 

]!  TY  attention  has  been  directed  to  the  following  paragraph,  which 
i-iX  appears  in  Mr.  H.  B.  Woodward's  monograph  on  the  Jurassic 
Eocks  of  Britain,  vol.  iii,  p.  31  (1893).     It  is  as  follows  : — 

'*  Prof.  SoIIas  has  suggested  that  rivers  sometimes  bear  to  the  sea 
considerable  quantities  of  undissolved  calcareous  matter,  derived 
from  the  formation  through  which  they  flow.  This  is  a  matter 
that  requires  confirmation,  for  it  is  known  that  carbonate  of  lime 
is  more  readily  soluble  in  fresh-water  than  in  sea-water." 

The  statement  attributed  to  me  was  more  than  a  mere  suggestion, 
and  as  the  subject  is  of  some  interest  it  may  be  as  well  if  I  now 
present  the  evidence  which  I  had  in  mind  when  asserting  that  the 

*  I  do  not  deny  —  nay,  I  expect  —  that  large  masses  of  peridotite  (prohaMy 
also  diamantiferous)  exist  in  the  crystalline  floor,  but  not  *  kimberlite '  as  defijDjea 
])y  Professor  Caryill  Lewis.  A  little  lower  down,  Professor  Beck  seems  to  admit  the 
.  *  kimberlite  *  to  be  a  breccia.  If  so,  how  can  it  bo  a  *  magma,'  unless  he  means  that 
the  unbroken  material  exieia  somewhere  down  below,  in  which  case  it  is  not  Ukely  to 
he  *  kimberlite,'  but  some  ordinary  variety  of  peridotite. 
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deDudation  of  a  limestone  and  the  transportation  of  calcaieous 
sediment  may  be  acoomplished  not  only  by  solution  but  by  the 
mechanical  action  of  fresh-water. 

On  examining  under  a  microscope  the  suspended  matter  which 
floats  in  the  river  Gam  above  Cambridge,  and  which  may  readily 
be  separated  by  filtration  through  a  muslin  net,  the  observer  who 
looks  upon  them  for  the  first  time  will  be  surprised  to  find 
associated  with  a  number  of  minute  living  organisms  certain  bodies 
which  resemble  in  the  closest  manner  the  coccoliths  of  the  Ohalk* 
The  appearance  of  these  is  so  fresh  that  it  would  not  be  an  altogether 
inexcusable  blunder  to  regard  them  as  native  to  the  stream,  and 
though  it  might  be  objected  that  fresh-water  coccoliths  are  things 
hitherto  unheard  of,  yet  an  answer  to  this  might  be  found  in  the 
fact  that  on  removing  the  calcareous  part  of  the  organism  with 
dilute  acid  a  soft  granular  film  remains  behind,  which  has  not  only 
a  Tcry  organic  appearance,  but  readily  stains  with  magenta  and  some 
other  aniline  dyes. 

On  pushing  the  enquiry  further,  however,  it  will  be  found  that 

the  residual  film  is  not  affected  by  such  stains  as  are  selective  in 

rtheir  effects ;  those  which  only  react  upon  protoplasm  have  no  effect 

upon  it     Further,  the  coccoliths  give  no  signs  of  life ;  they  cannot 

be  made  to  grow  nor  to  subdivide  by  fission. 

In  the  old  days  when  the  coprolite  pits  around  Cambridge  were 
being  worked  it  was  not  uncommon  to  come  across  streams  of 
chalky  water  flowing  away  from  the  washing  tanks.  An  examina- 
tion of  this  revealed  all  the  forms  of  coccoliths  which  were  to  be 
found  floating  in  the  Cam,  but  in  this  case  there  could  be  no 
question  as  to  their  origin,  they  were  derived  from  the  chalk  marl. 

Considering,  then,  that  no  independent  evidence  can  be  cited  for 
the  existence  of  fresh-water  coccoliths,  that  the  minute  bodies 
floating  in  the  Cam  present  no  signs  of  life,  and  that  the  river  drains 
a  country  largely  composed  of  chalk  rocks,  from  which,  as  we  have 
proof,  coccoliths  may  be  derived,  the  presumption  is  altogether  in 
favour  of  regarding  the  coccoliths  of  the  Cam  as  mechanical  sedi- 
ments now  in  process  of  being  carried  to  the  sea. 

I  have  said  that  these  sediments  may  be  "considerable."  A  good 
deal  depends  on  what  is  meant  by  considerable,  but  I  think  the 
qualification  may  be  justified  by  the  following  example.  On 
visiting  the  gravel-pits  at  Barnwell  occasional  white  lenticular  beds 
may  be  observed  intercalated  amid  the  finer  sands  of  the  deposit. 
These  are  composed  of  carbonate  of  lime,  and  a  microscopic  examina- 
tion proves  them  to  consist  of  minute  organisms  and  d6bris  of 
organisms,  which  have  been  derived  from  the  chalk.  Foraminifera, 
whole  and  broken,  of  which  Globigerina  is  one  of  the  commoner 
forms,  shell  prisms,  and  coccoliths  are  obvious.  Thus  we  learn  that 
not  only  may  a  river  transport  calcareous  sediment,  even  when  con- 
stituted of  such  minute  bodies  as  coccoliths,  just  as  it  might  an 
insoluble  clay,  but  further,  that  under  favourable  circumstances 
it  may  deposit  this  material  and  thus  form  beds  of  limestone,  which 
are  not  immediately  but  only  indirectly  of  organic  OTX^n. 
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It  was  partly  from  observationB  Biioh  as  these  that  I  was  led  to 
suggest  a  derivative  origin  for  the  caloareous  sabstanoe  of  the  corn- 
stones  of  the  Old  Red  Sandstone,  and  for  maoh  of  the  limestone  of 
the  Lower  Lias ;  nor  has  subsequent  reflection  led  me  to  abcmdon 
this  explanation,  but  rather  to  extend  it.  A  good  deal  of  the 
magnesian  limestone  of  the  North  of  England  is  as  false-bedded  as 
a  modern  beach  sand,  and  occurs  under  circumstances  that  would  lead 
us  to  look  for  its  source  rather  in  the  mountain  limestone  than  in  its 
poverty-stricken  indigenous  fauna.  Such  derivative  caloareous  matter 
would  by  reason  of  its  finely  divided  state  be  in  a  condition  to  yield 
readily  to  the  action  of  magnesian  waters  and  thus  pass  into  dolomite. 

It  by  no  means  follows  that  rivers  have  been  the  only  agents  by 
which  mechanical  calcareous  deposits  have  been  formed  from  pie- 
existent  limestones ;  sea  waves  may  have  also  played  their  part,  as, 
indeed,  is  suggested  by  my  friend  Mr.  Woodward,  who  also  has 
arrived  at  the  conclusion  ^*  that  under  certain  conditions  there  may 
be  sedimentary  deposits  of  calcareous  mud  [derivative]  as  well  as 
chemical  precipitat-es.'* 

IV. — WOODWAKDIAN     MuSEUM    NoTES  :     On    THE    BRITISH    SPBCIES 

OF  THE  Genus  Cokocoryphe, 
By  F.  R.  CowPBR  Reed,  M.A.,  F.G.8. 

IN  1877  Dr.  Woodward  *  recorded  nineteen  British  species  of  the 
genus    Conocortjphe,    of    which    seven    were    doubtful.      The 
tbllowiDg  is  the  list  of  them : — 

Conocoryphf  ahdita^  Salter.  C.  Lf/elUi^  Hicks. 

O.  applanntay  Salter.  C.  ?  oUnoideSt  Salter. 

C.  ?  buccphaUiy  Belt.  C,  ?  tiinplex^  Salter. 

C,  bu/Of  Hicks.  C.  xoltruttisy  Hicks. 

C.  coronata^  Barrniide.  C.  8p.,  Salter. 

C.  (Svlcnoplcura)  dtprcsaa^  Salter.  C.  ?  rariolarigy  Salter. 

C.  Homfrayiy  Salter.  C.  ?  vaHsimilis,  Salter. 

C.  humtyromj  Salter.  C.  irxnta^  Salter. 

(7.  invita,  Salter.  C  ?  1f'illia»isoni,  Belt. 
C.  ?  lougiBpinay  Belt. 

Professor  Etberidge '  in  1S88  gave  the  following  four  additional 
species : — 

Conocoryphe  MalrerninSf  Pliillips.  C.  perdita.  Hicks. 

C,  monUcy  Salter.  C.  riantii^  Salter. 

Salter^  in  1872  had  donbtfully  recordod  C?  ecorne  (Angelin)  ?  from 
Wales.  The  latest  addition  to  the  list  was  C.  viola  (H.  Woodward) 
in  1888  from  Bethesda.* 

Since  the  generic  name  Conocoryphe  is  now  used  in  a  much  more 
restricted  manner  than  formerly,  it  is  desirable  that  the  true  position 
of  the  above-mentioned  species  should  be  determined  afresh.  The 
genus    Conocoryphe    is    now    used^  as    the    type  of    the   family 

^  Catal.  Brit.  Foss.  Crust.,  pp.  31-33. 

«  Brit.  Pal.  Foss.,  pp.  48,  49,  and  406. 

>  Catal.  Camb.  Sil.  Foss.  Wootlw.  Mus.,  p.  12. 

*  H.  Woodward,  Q.J.G.S.,  vol.  xUv  (1888),  p.  74,  pi.  ir. 

^  Tvitbook  of  Pala;oQtology,  by  Zittel  &  Eastman  (1900),  vol.  i,  p.  626. 
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Ccmoooryphidaa,  which  also  includes  the  genera  AtopB^  Ctenocephalua, 
and  BathynoiuSf  besides  others  of  sabgeneric  rank  or  of  less^ 
importance.  The  characters  of  the  family  are  given  (op.  cit.)  aa 
follows : — 

"Free  cheeks  very  narrow,  forming  the  lateral  margins  of  the 
oephalon,  and  bearing  the  genal  spines.  Fixed  cheeks  large, 
iiBiially  traversed  by  an  eye-line  extending  from  near  the  anterior 
end  of  the  glabella.  Facial  sutures  running  from  just  within  tho 
genal  angles,  curving  forward,  and  cutting  the  anterior  lateral 
margins  of  the  cephalon.  Eyes  rudimentary  or  absent.  Thorax. 
with  from  fourteen  to  seventeen  segments.  Pygidium  small  and  of 
few  segments.    Cambrian.'' 

The  characters  of  the  genus  Conocoryphe  are  given  as  follows  : — 
**  Cephalon  semicircular ;  genal  angles  produced  into  spines ; 
glabella  distinctly  lobed,  wide  behind,  and  contracted  in  front, 
not  extending  to  the  frontal  border.  Fixed  cheeks  very  large,  with 
conspicuous  furrow  parallel  to  the  anterior  margin;  free  cheeks 
narrow,  marginal ;  thorax  of  fourteen  segments." 

The  same  author.  Dr.  Charles  Beecher,  who  has  written  the 
article  on  trilobites  in  the  book  above  quoted,  published  the  same 
diagnosis  of  the  family  Conocoryphidas  in  1897,^  and  included  in  it 
the  following  genera  and  subgenera  : — 

Conocoryphey  Cordai  (=  ConoeephaliteSf  Barrande). 

Aneucanthnsy  Angelin. 

AtopSy  Emmons. 

Avalouuiy  Walcott. 

Jiailiella,  Matthew  {  =  SahcriOy  "NValcott,  ^m\  ErininjSy  Salter). 

Bathifuotm,  Hall. 

Caraitnia,  Hicks. 

Ctenocepha  //<«,  C  orda . 

Die tyoceph alas y  Btrgerou. 

£rt/.r,  Augelin. 

Ilarttiay  Walcott. 

TozotiSy  Walleriu3. 

Matthew '  has  contributed  much  to  our  knowledge  of  the  genus, 
and  his  writings  deserve  careful  study. 

The  usage  of  the  generic  name  Conocoryphe  in  Britain  has  on 
a  previous  occasion  been  briefly  criticized  by  the  present  author,* 
and  some  of  the  British  species  assigned  to  other  genera.  In 
discussing  them  here  more  in  detail  it  will  be  convenient  to  take 
them  alphabetically. 

Conocoryphe  ahdita  (Salter,  Mem.  Geol.  Surv.,  vol.  iii,  1866, 
p.  306,  pi.  V,  fig.  13).  —  This  species  is  at  once  seen  to  possess 
fundamental  differences  from  Conocoryphe,  sens,  str.,  in  the  large 
well-developed  eyes  and  in  the  course  of  the  facial  suture.  The 
presence  of  pits  in  the  marginal  furrow  of  the  head-shield  suggests 
that  it  should  be  referred  to  either  Euloma  or  ApatokephaluSy  and 
the  position  of  the  eyes,  their  relative  size,  the  eye-lines,  and  the 

1  Amer.  Joam.  Sc,  vol.  iii  (1897),  p.  180. 

»  Trans.  Roy.  Soc.  Canada,  vol.  ii  (1884),  sect,  iv,  pp.  102,  103. 

'  Geol.  Mao.,  Dec.  IV,  Vol.  V  (1898),  pp.  495,  4%. 
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coarse  of  the  facial  suture  indicate  that  it  belongs  to  the  former 
genus,  Euloma,  Linnarsson  and  Br5gger  ^  assigned  it  many  yean 
ago  to  this  genus. 

0.  applanata  (Salter,  Brit  Assoc.  Sep.,  1865,  p.  285;  Q.J.O.S*, 
vol.  XXV,  1868,  p.  58,  pi.  ii,  figs.  1-5).  — In  the  first  place  the 
presence  of  eyes  and  the  course  of  the  facial  suture  remove  it 
from  Conoeoryphe,  sens.  str.  The  characters  of  SoUnopleuraf  whioih 
Matthew'  has  tabulated,  agree  in  many  particulars  with  those 
present  in  this  form.  The  surface  is  granular  or  subtuberculate» 
the  glabella  is  prominent,  the  dorsal  furrows  well  defined^  the 
genal  angles  are  pointed,  the  fixed  cheeks  are  strongly  swollen, 
and  the  pygidium  is  small  with  but  three  segments.  The  rather 
remote  eyes,  witli  the  ocular  ridges,  the  parabolic  glabella,  the 
course  of  the  facial  sutures,  the  strong  margin  to  the  head-shieldy 
and  the  marginate  pygidium  are  also  points  in  which  C  applanata 
agrees  with  Solenopleura,  The  tubercle  on  the  neck-segment  found 
in  the  latter  genus  is  also  present  in  the  type-specimen,  though  not 
mentioned  in  Salter's  description.  The  pleurae,  however,  of  this 
species  are  said  to  be  pointed,-  while  in  Solenopleura  Matthew 
(op.  cit.)  describes  them  as  bluntly  rounded.  All  the  specimens 
of  C.  applanata  which  I  have  examined  appear  to  have  had  blunt 
tips  to  the  pleuras,  the  pointed  appearance  being  due  to  oblique 
crushing  or  distortion.  The  weight  of  evidence  is  therefore  in 
favour  of  assigning  this  form  to  the  genus  Solenopleura, 

a  ?  bucephala  (Belt,  Geol.  Mag.,  Vol.  V,  1868,  p.  10,  PL  II, 
Figs.  1-6). — This  species  is  certainly  not  a  true  Conoeoryphe,  as 
a  brief  inspection  of  the  figures  shows.  The  general  characters  of 
the  species  place  it  amongst  the  Olenidss,  and  it  may  provisionally 
be  assigned  to  the  genus  Olenus.  The  crust  of  the  glabella  is  said 
to  be  unfurrowed  as  in  Angelina  and  Cyclognathua,  but  when  this  is 
removed  or  the  glabella  crusted  two  or  three  pairs  of  furrows  are 
seen.  The  triangular  margin  of  the  frontal  lobe  is  peculiar,  and 
since  the  pygidium  is  also  unknown  its  true  generic  position  must 
for  the  present  remain  a  matter  of  doubt. 

C.  hvfo  (Hicks,  Brit.  Assoc.  Rep.,  1865,  p.  285 ;  Q.J.G.S.,  vol.  xxv, 
18G8,  p.  52,  pi.  ii,  fig.  8). — This  is  a  true  Conoeoryphe,  sens,  str.,  as 
has  been  previously  remarked.'  It  appears  to  belong  to  the  sub- 
genus Bailiclla  (Matthew),  of  which  C.  Baileyi  (Hartt)  is  the  type, 
and  which  is  characterized  by  the  facial  suture  cutting  oflF  a  third  of 
the  marginal  fold  instead  of  running  along  the  outer  edge  of  this 
fold  as  in  C\  Snizeri,  Matthew  (op.  cit.)  remarks  that  C.  bufo 
])(>s808ses  a  head-shield  very  like  that  of  C.  {Bailiella)  elegane 
(Ilartt),  but  the  pygidium  is  not  known.    Linnarsson*  had  previously 

1  Die  Sihir.,  Eta?.  2  and  3  (1882),  p.  98. 

'  Trans.  Roy.  Soc.  Canada,  vol.  v  (1887),  p.  134. 

5  Matthew,  Traus.  Roy.  Soc.  Canada,  vol.  ii  (1884),  sect,  iv,  pp.  102,  103; 
Reed,  Geol.  Mao.,  Dec.  IV,  Vol.  V  (1898),  pp.  495,  496. 

*  Sver.  Geol.  Undersokn.,  1877,  Om  fauna  i  lagren  med  Paradoxidea  olandietu, 
p.  16,  t.  2,  f.  2-4 ;  Sver.  Geol.  Undersokn.,  Ber.  c.  No.  3d,  1879,  Om  faunan 
J  Kalken  med  Conocoi'yphe  exsulam^  p.  19,  t.  2,  f.  26-28. 
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noticed  the  resemblanoe  of    the  British   species    to    C.  Dodmani 
(Sjogren),  which  may  be  identical  with  0.  emarginata  (Linn.). 

C,  eoronata,  Barrande  (Sjst.  Sil.  Boh^me,  vol.  i,  1852,  p.  424, 
t.  13,  f.  20-26).  —  This  species  was  first  described  from  Britain 
by  Hicks.^  The  type-specimen  is  in  a  poor  state  of  preservation, 
and  there  may  be  some  doubt  if  it  really  belongs  to  Barrande'a 
species ;  but  Salter's  remark '  that  while  Hicks'  specimen  possesses 
genal  spines  Barrande's  figure  shows  none,  is  of  no  importance,  as 
Barzande's  figure  was  drawn  from  a  specimen  without  the  free-cheeks. 
G^enal  spines  are  characteristic  of  the  genus  Ctenocepkalua  (Corda), 
to  which  C,  coranatua  belongs,  as  Matthew  (op.  cit,  p.  103)  has 
pointed  out.  Ctenocephalw  is  distinguished  from  Conocorypke  (type 
C  Sulzeri)  by  the  possession  of  a  marked  protuberance — a  frontal 
lobe — in  front  of  the  glabella,  and  by  a  smaller  pygidium.  The 
number  of  thoracic  segments  is  also  not  the  same,  and  the  course 
of  development  is  difierent.  The  distinction  of  these  two  genera 
therefore  appears  to  be  well  founded. 

C.  (Solenopleura)  depreaaa,  Salter  (Siluria,  2nd  ed.,  1859,  p.  47, 
Fobs.  7,  fig.  2  [^EUipBocephalus']), —  Brogger^  has  expressed  the 
opinion  that  this  species  belongs  to  the  subgenus  Ct/clognathua  of  the 
genus  Olenua.  But  the  presence  of  genal  spines,  the  more  remote 
and  more  backward  position  of  the  eyes,  the  glabellar  furrows,  the 
relative  shortness  of  the  glabella  itself,  the  possession  of  a  rather 
wide  frontal  limb  separating  it  from  the  margin,  and  the  different 
shape  of  the  head-shield,  are  opposed  to  this  view.  The  form  of  the 
pleursd  is  certainly  somewhat  similar,  and  the  number  of  body-segments 
is  the  same,  while  the  pygidium  bears  a  very  close  resemblance. 
But  a  comparison  with  specimens  of  the  type  form  Cyclognathua  costatuLs 
from  Vestfossen  presented  by  Professor  Brogger  himself  to  the 
Woodwardian  Museum  confirms  my  opinion  that  C,  depressa  cannot 
be  referred  to  Cyclognathus,  With  Solenopleura  its  affinities  are  rather 
closer.  The  number  of  body-segments  is  the  same  and  the  pygidium 
and  pleur89  are  fairly  similar,  but  the  fixed  cheeks  show  no  sign  of 
having  been  swollen,  the  genal  angles  are  pointed  and  have  no  sub- 
marginal  spine,  the  eyes  are  rather  forward,  and  there  is  no  neck 
tubercle  nor  granulation  of  the  surface.  Matthew,  in  a  manuscript 
note  on  the  specimens  of  this  species  in  the  Woodwardian  Museum, 
considers  it  to  be  allied  to  Solenopleura,  Its  precise  generic  position 
must  for  the  present  remain  uncertain,  though  it  must  be  removed 
from  Conocorypke,  With  the  exception  of  the  shape  of  the  pleurro 
it  has  many  points  of  similarity  to  Olenus,  sens,  str.,  and  it 
undoubtedly  belongs  to  the  family  Olenidas. 

C,  ?  ecorne,  Ang.  ?  (Salter,  Cat.  Camb.  Sil.  Foss.  Woodw.  Mus., 
1872,  p.  12),  is  a  species  of  Peltura,  and  shows  all  the  characteristic 
features  of  that  genus. 

C,  Momfrayiy  Hicks  (Q.J.6.S.,  vol,  xxviii,  1872,  p.  178,  pi.  vi, 
fig.  12). — The  type-specimen  is  much  compressed  and  distorted,  and 

1  Q.J.G.S.,  vol.  xxTiii  (1872),  p.  178,  pi.  vi,  tier.  n. 
*  Mem.  Geol.  Surv.,  2nd  ed.  (IbSl),  vol.  iii,  p.' 409. 
'  Die  SUur.,  Etag.  2  and  3  (1882),  p.  Ill, 
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after  a  careful  examination  of  it  I  have  much  doabt  ^  if  eyes  really 
existed,  though  the  species  has  been  described  as  possessing  them. 
The  number  of  thoracic  segments  and  the  shape  of  the  pleuraB  are 
the  same  as  in  Conocoryphe,  sens,  str.,  and  the  genal  angles  similarly 
bear  spines.  The  pygidium,  according  to  Hicks,  has  fewer  segmenti 
than  in  0.  SuJzeri,  but  the  state  of  pre6ei*vation  of  this  member  is 
very  poor.  With  much  probability  this  species  may  therefore  rightly 
be  left  in  the  genus  Conocoryphe, 

C.  humeroaa,  Salter  (Rep.  Brit.  Assoc.,  1865,  p.  285 ;  Q.J.G.S., 
vol.  XXV,  1868,  p.  54,  pi.  ii,  fig.  7). — ^The  specimen  on  which  this 
«pecies  was  founded  has  the  head-shield  very  much  crushed,  and  the 
characters  given  by  Salter  (op.  cit.)  are  very  imperfectly  seen,  so 
that  not  much  weight  can  be  attached  to  them.  The  ornamentation 
of  the  crust  is,  however,  distinct,  and  the  neck-spine  is  preserved 
fairly  well.  The  portion  of  the  thorax  is  nearly  perfect,  and  all  the 
features  mentioned  by  Salter  can  be  made  out,  as  well  as  some  others 
not  recorded.  But  all  the  characters  are  absolutely  different  to  any 
found  in  the  thorax  of  any  species  of  Conocoryphe,  sens,  str.,  and  it 
can  be  positively  asserted  that  it  does  not  belong  to  this  genus. 
The  spine  on  the  neck-segment,  followed  by  those  on  the  axial  rings 
of  the  thorax,  the  shape,  the  groove,  and  free  spinose  ends  of  the 
pleurffi  suggest  the  genus  Olenoides,  The  peculiar  radiate  "  venulose 
lines"  and  granulation  ornamenting  the  surface  of  0.  typicalis 
(Walcott)  described  by  Walcott  *  are  distinctly  visible  on  the  head- 
shield  of  the  type-specimen  of  C.  humerosa  ;  and  comparison  with 
specimens  of  Olenoides  from  America  shows  that  the  spines  on  the 
axis  closely  resemble  those  in  0.  iyptcalis,  while  the  pleuraB  are 
more  like  those  of  0.  nevadensis  (Meek).  The  geological  age  of  the 
beds  in  which  Olenoides  occurs  is  approximately  the  same  as  that  in 
which  C.  humerosa  was  found,  and  there  seems  to  be  no  reason  for 
hesitating  to  ascribe  this  species  to  the  genus  Olenoides, 

a  invita,  Salter  (Dec.  Geol.  Surv.,  1865,  pi.  vii,  fig.  G).— This 
species  has  been  referred  by  Brogger  ^  to  his  new  genus  ApatoJcephalus, 
as  I  have  recently  mentioned.*  Tlie  characteristic  features  of  this 
<ijenu8,  which  shows  many  points  of  resemblance  to  Euloma  and 
Dicellocephdus,  are  well  exhibited  in  the  head-shields  of  this  form, 
and  Brogger  s  view  needs  no  further  comment. 

C?  longispina.  Belt  (Geol.  Mag.,  Vol.  V,  1868,  p.  9,  PI.  II, 
Figs.  12-14). — By  the  characters  of  the  head-shield  we  can  at  once 
decide  that  this  species  does  not  belong  to  Conocoryphe,  Judging 
from  Belt's  figures  and  description,  it  may  without  hesitation  be 
referred  to  the  genus  OlennSj  and  probably  to  its  subgenus 
ParahoUnella,  as  indicated  by  the  course  of  the  facial  suture  and 
position  of  the  eyes,  but  the  shortness  of  the  glabella  is  remarkable. 

C.  Lyelli,  Hicks  (Q.J.G.S.,  vol.  xxvii,  1871,  p.  339,  pi.  xvi, 
figs.  1-7).— On  a  former  occasion*  I  have  stated  that  this  species  is 

^  Geol.  Mag.,  Dec.  IV,  Vol.  V  (1898),  p.  495. 
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probably  a  true  member  of  tbe  g^nuB  Conoeoryphe.  The  narrow 
marginid  free-cheeks,  the  oourse  of  the  facial  sature,  the  abeenoe  of 
oompound  eyes,  the  number  and  characters  of  the  thoracic  segments, 
ate  features  in  which  it  completely  agrees. 

a  malvemitts,  Phillips  ("Geology  of  Oxford,"  1871,  p.  68, 
fig*  5). — As  far  as  the  imperfect  figure  allows  one  to  judge,  this 
species  appears  to  belong  to  the  genus  Peltura.  At  any  rate,  it  is 
not  a  Conoeoryphe,  but  is  referable  to  one  of  the  Olenidas. 

a  tnonile,  Salter  (Oat.  Oamb.  Sil.  Foss.  Woodw.  Mus.,  1872,  p.  32 ; 
Callaway,  Q. J.G.S.,  vol.  xxxiii,  1877,  p.  665,  pi.  xxiv,  fig.  4).— This 
species,  which  was  first  described  by  Oallaway  (op.  cit),  has  been 
assigned  to  the  genus  Euloma  by  Brogger,'  of  which  it  exhibits  all 
the  typical  features. 

C,  ?  olenoidea,  Salter  (Mem.  Geol.  Surv.,  vol.  iii,  1866,  p.  808, 
pL  viii,  fig.  6). — It  is  quite  doubtful  to  what  genus  this  species 
should  be  referred,  but  we  cannot  have  any  hesitation  in  removing 
it  from  Conoeoryphe  and  placing  it  amongst  the  Olenidsd. 

C.  perdita,  Hicks  (Q.J.G.S.,  vol.  xxv,  1869,  p.  63,  pi.  ii,  fig.  3). — 
This  species  has  never  been  fully  described,  and  the  only  published 
figure  of  it  is  most  unsatisfactory.  Hicks  (op.  cit.)  says  C.  bufo  is 
its  nearest  ally,  and  if  this  be  the  case  it  must  probably  be  a  true 
Conoeoryphe. 

C.  Planii,  Salter  (Cat.  Oamb.  Sil.  Foss.  Woodw.  Mus.,  1872, 
p.  11). — ^This  species,  founded  on  well-preserved  specimens,  is  an 
excellent  example  of  the  subgenus  ParaboUnella  of  the  genus 
OUnus,  and  a  description  of  it  is  now  in  the  press.  Salter  (op.  cit) 
assigned  it  correctly  to  Olenvs. 

C.  ?  simplexy  Salter  (Mem.  Geol.  Surv.,  vol.  iii,  1866,  p.  306, 
pi.  V,  fig.  17). — The  smooth  glabella,  the  very  forward  position 
of  the  eyes  close  to  the  front  end  of  the  glabella,  and  the  course 
of  the  facial  suture  agree  well  with  CydognathuSt  to  which  it  may 
be  referred. 

C.  solvensis,  Hicks  (Q.J.G.S.,  vol.  xxvii,  1871,  p.  400,  pi.  xvi, 
fig.  8). — I  have  previously  -  referred  this  species  to  CtenocephaluSy 
and  probably  it  belongs  to  its  subgenus  IJartella,  as  Matthew  ^  has 
remarked,  and  resembles  C,  Matthewi,  Hartt.  A  Scandinavian 
species  which  is  very  closely  allied,  or  may  be  only  a  variety  of 
C.  sohensiSy  is  Conoeoryphe  exsulanSf  Linnarsson.* 

C,  ?  variolaris,  Salter  (Q.J.G.S.,  vol.  xx,  1864,  p.  236,  pi.  xiii, 
figs.  6,  7).  —  The  characters  of  the  head- shield,  eyes,  and  facial 
sutures  at  once  remove  it  from  Conoeoryphe,  sens.  str.  Salter 
compares  it  to  C,  Ribeiro,  Barrande,  and  also  mentions  that  in  some 
respects  it  resembles  the  genus  Sao,  But  the  lobation  of  the 
glabella  is  very  different  to  that  in  Sao  hirsuta,  and  the  genal 
angles  are  furnished  with  definite  spines,  turned  slightly  outwards, 

^  Die  Silur.,  Eti^.  2  and  3  (1882),  p.  98. 
«  Geol.  Mao.,  Dec.  IV,  Vol.  V  (1898),  p.  495. 
3  Trans.  Roy.  Soc.  Canada,  vol.  ii  (1884),  p.  103. 

*  Sver.   Geol.   Undereokn.,  ser.  c,  No.  35,  Om  Faunan  i   Kalken  med   Com. 
fAfulans  (1879),  p.  15,  t.  ii,  f.  21,  22. 
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and  not  merely  pointed  as  in  that  species.  The  eye  is  also  smaller, 
and  there  is  no  ocular  ridge.  There  are  seventeen  body-segments 
in  the  adult  Sao^  while  in  C.  ?  varialarU  there  are  only  thirteen 
preserved,  with  traces  of  a  fourteenth.  The  tuberculation  bean, 
however,  a  somewhat  close  resemblance,  but  this  feature  is  not  of 
much  importance  in  determining  affinities. 

On  the  other  band,  the  lohation  of  the  glabella  corresponds  with 
that  described  by  Angelin^  for  SoUnopIeura,  and  there  is  also 
a  coarse  though  not  so  abundant  tuberculation  of  the  head-shield 
in  some  of  the  Scandinavian  species.  The  genal  angles  in  SolefUh 
pleura  appear  to  have  typically  borne  similar  spines.  The  convexity 
of  the  fixed  cheeks  which  Matthew  (op.  cit.)  emphasizes,  also 
existed  in  C  ?  variolaris,  as  their  cracked  surface  shows,  and  in 
the  type-specimen  it  is  crushed  in.  The  tubercle  on  the  neck- 
segment  is  also  present  as  in  Solenopleura,  Though  in  the  descrip* 
tion  of  the  species  it  is  said  the  pleune  have  pointed  ends,  yet  in 
the  type-specimen  they  are  certainly  rounded  so  far  as  they  are 
preserved. 

On  the  whole,  it  does  not  seem  to  be  unnatural  to  assign  this 
species  provisionally  to  the  genus  Solenopleura. 

C.  ?  veriatmilia,  Salter  (Mem.  Oeol.  Surv.,  vol.  iii,  1866,  p.  30S, 
pi.  vi,  fig.  13). — Brogger*  has  suggested  that  this  species  may 
belong  to  Cyclognathua ;  but  though  the  forward  position  of  the 
eyes  seems  to  favour  this  view,  the  shape  of  the  free-cheeks  with 
their  pointed  genal  angles  forbids  its  acceptance.  The  general 
appearance  of  the  form  is  that  of  an  immature  individual  of 
Angelina  Sedgmcki;  but  it  may  be  a  distinct  species.  There  are 
only  twelve  body- rings  instead  of  fifteen  ;  the  genal  spines  are 
much  shorter,  and  the  eyes  are  more  forward  and  nearer  the  front 
end  of  the  glabella;  but  all  these  characters  might  be  due  to 
immaturity.  The  pygidium  is  unknown,  but  the  thoracic  segments 
have  similar  characters ;  and  it  may  be  with  much  confidence 
referred  to  the  genus  Angelina. 

C\  vexata,  Salter  (Mem.  Geol.  Surv.,  vol.  iii,  18G6,  p.  307,  pi.  viii, 
fig.  7). — Though  this  species  is  obviously  not  a  member  of  Cono- 
coryphe  as  now  defined,  its  true  generic  position  is  doubtful. 
Perhaps  it  belongs  to  the  Olenida^,  but  even  this  is  uncertain. 

C,  viola,  Woodward  (Q.J.G.S.,  vol.  xliv,  1888,  p.  74,  pi.  iv). — 
The  figures  and  description  of  this  form  suffice  to  remove  it  from 
Conocoryphe,  sens,  str.,  but  its  features,  especially  its  facial  sutures, 
are  so  peculiar  that  a  new  generic  title  seems  requisite. 

C.  ?  Williamsoni,  Belt  (Geol.  Mag.,  Vol.  V,  1868,  p.  9,  PL  II, 
Figs.  7-11). — This  species  belongs  to  the  Olenidas  and  probably  to 
the  subgenus  Paraholinella  of  the  genus  Olenus ;  the  course  of  the 
facial  sutures,  the  position  of  the  eyes,  and  other  characters  of  the 
head-shield  correspond,  but  only  two  pairs  of  furrows  on  the 
glabella  are  described.  The  thorax  rather  more  resembles  that  of 
Olenus,  sens,  str.,  than  that  of  Paraholinella,  and  the  pygidium  is 

»  Pal.  Rcaud.,  1804,  p.  26. 

2  Die  Silur.,  Etag.  2  aud  3  (1882),  p.  HI. 
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somewhat  peoaliar,  thongh  in  the  complete  margin  and  number  of 
segments  it  agrees  with  ParaboUnella.  To  Olenua  used  in  a  generic 
sense  this  species  may  certainly  be  referred.  Salter's  ^  species  with 
the  same  name  is  distinct  from  Belt's,  but  belongs  to  the  Olenidas. 


From  the  above  revision  the  so-called  species  of  Conocoryphe  in 
Britain  should  be  designated  as  follows  : — 

Buloma  abditum. 

Solenopleura  applanata, 

Olenus  ?  bitcephalus, 

Conocoryphe  {Bailiella)  hufo, 

Ce^nocephaltts  eoronatm. 

SoUnopleura  ?  depreua, 

Feliura,  0p.[  =  (7.?  eeome  ?  (Ang.),  Salter]. 

Conocoryphe  ?  Homfrayi. 

Olenoidet  humerosua. 

Apatokephalua  invitm, 

OUnut  {Parabolinella  ?)  lonyiipina. 

The  three  species  of  which  the  genera  even  are  doubtful  are 
C.  ?  olenoidea,  C,  vexata,  and  C,  viola.  But  none  of  these  three  can 
be  attributed  to  Conocoryphe,  and  their  true  position  must  be  left  to 
the  future  to  decide. 

The  distribution  of  the  tabulated  forms  is  as  follows : — 


Conocoryphe  Lyelli, 

Peltura  ?  malvernia, 

JEuloma  monile. 

Conocoryphe  ?  perdita, 

Olenus  (Parabolinella)  Planti, 

Olenus  (Cycloynathus)  iimpUx, 

Ctenocephalm  (HarteUa)  eolventit, 

Solenopleura  P  variolarie. 

Angelina  verieimilis, 

Olenus  {Parabolinella  !)  TFilliamtoni. 


Haxlech  Series. 

Conocoryphe  Lyelli, 

Ctenocephalm  {HarteUa)  tolvensie. 
Menevian. 

Solenopleura  applanata. 
Conocoryphe  {tiailulla)  bufo. 
Ct^nocephalus  corouatuit. 
Conocoryphe'^  Homfrayi. 
Olenoides  humerosua. 
Conocoryphe  ?  perdita. 
SolettopUura  ?  variolar  is. 
LiNouLA  Flags. 
Eidoma  abditum. 


Olenus  ?  bucephalus. 
Peltura^  sp. 
jipatokephalus  xnvitus. 
Olenus  {Parabolinella?)  longispina, 
Peltura  ':*  malvernia. 
Olenus  {Parabolinella)  Planti, 
Olenus  {Cychgnathus)  simplex. 
Olenus  {Parabolinella?)  Williamsoni. 
Tremadoc. 

Solenopleura  ?  depressa. 
Euloma  mantle. 
Angelina  vcrisimilis. 


The  genus  Conocoryphey  sens,  sir.,  is  thus  seen  to  be  confined  in 
Britain  to  the  Lower  and  Middle  Cambrian  beds. 


V. — On  the  occurrence  of  a  Blue  Amphibole  in  a  Hornblende 

Kersantite  from  Co.  Down. 

By  Henry  J.  Seymour,  B.A.,  F.G.S.,  of  H.M.  Geological  Survey  of  Ireland. 

(Communicated  by  permission  of  the  Director- General.) 

IN  connection  with  the  revision  of  the  Silurian  area  in  Ireland, 
at  present  in  progress  by  the  staff  of  the  Irish  branch  of 
the  Geological  Survey,  a  number  of  rock-specimens  of  the  dykes 
occurring  on  the  coast  of  Co.  Down  were  lately  petrographically 
examined  by  the  writer,  who  detected  in  one  of  the  slices  a  blue 
amphibole  of  secondary  origin.  As  a  mineral  of  this  kind  was  not 
hitherto  known  to  oocur  in  sitH.  in  Ireland,  it  may  be  of  interest  to 
put  its  discovery  on  record  here  and  to  give  also  a  few  details 
respecting  its  characteristics* 

>  Cat.  Camb.  Sil.  Fobs.  Woodw.  Mus.,  1S72,  i^,  VI. 
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Tfae  rook  in  whioh  it  oooan  appears  u  a  dyke  (in  Upper 
Siluriaii  sediments)'  on  the  ehore  one-eighth  of  a  mile  south  of 
the  point  where  the  letter  B  in  Booth  Ba;  ia  engraved  on  the  map; 
three  miles  sonth-east  of  Portaferry  (1"  sheet  49),  and  near  Uia 
spot  where  the  small  road  south  of  Tara  Fort 'reaches  the  ooaatlina. 
On  the  oiiginEil  6  inoh  working  maps  of  the  Barvey  it  is  represented* 
as  a  double  dyke,  with  the  ends  of  eaoh  portion  in  parallel  oontao^ 
the  northern  limb  formiog  a  aemiciroular  bend  in  the  middle  and 
enclosing  a  small  area  of  sedimentary  rooks.  The  combined  width 
of  the  two  portions  is  approximately  20  inches. 

In  the  hand-specimen  the  rook  is  of  a  dull  greyish-green  oolonr, 
and  possesses  a  medium -grained  crystalline  struoture.  Broney  mioa 
is  the  mineral  most  readily  notioeable,  aad  a  few  ootahadra  of 
magnetite  may  be  seen  with  the  aid  of  a  pocket  lens.  Its  speotfis 
gravity  was  found  to  be  2-85  in  its  present  slightly  deoompoaed 
condition.  Under  the  microscope  it  is  seen  to  consist  essentially  of 
a  dark  mioa,  with  subordinate  green  hornblende,  aad  an  aggre^ts 
of  felspar  crystals.  Accessory  and  secondary  minerals  also  present 
are  apatite,  magnetite,  a  blue  amphibole,  chlorite,  and  seTsnl 
oalcareouB  pseudomorphs,  apparently  after  augite  or  bombUnds 
pbenocrysts,  more  probably  the  latter. 


MiNEHALS. — Hb.   gnen  ioruljlonde.     m.  hintitc.     Ay.  nputite.     S.  emp.  blue 

amphibole. 
Fio.  I  slinwH  tn-o  Inrjc  liomMonrlc  jiht'DOCTyste,  with  nililitiona  of  Beeoaibrr  hiua 

nmphibiile  on  mmo  of  thi'ir  terminnl  fawa.      x  4S  diania. 
Fio.  2  sh'iw*  Iniir  iTvsliil*  whicli  Pihiliit  the  typicnl  moile  of  occanence  of  (he 
hhic  nrnpliifuile.    'Diut  iu  the  S.E.  quadrnnt  Hhnns  n  baaal  lectiou  with  the 
flfnopinnfoid  of  tlio  [irimrirT  Kreen  hornblende  repUced  hy  the  blue  umphibole. 
Tlie  eryift.il  in  the  S.W.  qiudnint  shows  n  anrrow  pale-blae  zone  between  Uw 
green  I'lDrnbUncli'  and  the  normitl  blue  aaiphibole.     x  i'l  disnu. 
'  Theee  mlimoilUwere  orijrinallv  repirfeil  as  Lower  Silurian.   The  recent  rpvwiim 
fbv  Mr,  F.  W,  Eitan),  hoK«V(T, '»how>  them  fo  Iw  Upper  Silurino.      liq)ort  of 
Director -(iencnd  nf  GeoL  Survey,  Appendix  to  14th  lleport,  Dcpt.  ol  S.  und  A., 
p.  -IGS. 

'  Hv  Air.  W.  A.  Traill,  wlm  mnppiMl  tbe  dvkps  in  this  dithrict.    See  Memoir  of 
Gcol.  Simer  to  awumiiany  1"  ihwta  49,  60,  and  01  (1S71),  pp.  6  and  43, 
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The  biotite  forms  small  (aboat  0*40  mm.)  hypidiomorphio  orystals 
scattered  &irly  abandantly  and  evenly  throughout  the  slide.  Sections 
at  right  angles  to  the  cleavage  planes  are  strongly  dichroic  (almost 
colourless  to  greenish  brown),  and  are  frequently  bent  into  curved 
forms.  Narrow  bands  of  calcite  are  occasionally  noticed  between 
the  lamellsB.  The  mineral  is  here  and  there  altered  to  chlorite  on 
its  edges,  and  also  to  a  less  extent  along  cleavage  cracks.  Sections 
parallel  to  the  basal  plane  give  a  uniaxial  interference  figure  and 
show  an  outer  rim  of  a  much  darker  colour  than  that  of  the  interior 
of  the  crystal. 

The  felspars  occur  in  medium -sized  allotriomorphic  crystals  whioh 
are  rather  altered  and  mostly  micropoikilitic  with  numerous  minute 
inclusions.  In  their  present  condition  the  exact  species  is  not 
satisfactorily  determinable,  but  repeated  twinning  is  noticeable  in 
several  of  the  less  altered  crystals,  and  they  would  seem  to  be 
essentially  plagioclase. 

Apatite  is  an  abundant  constituent  in  the  rock,  and  occurs  as 
inclusions  in  the  biotite,  plagioclase,  and  in  the  green  hornblende. 

This  latter  mineral  is  also  hypidiomorphic,  and  appears  to  be 
slightly  posterior  in  date  to  the  biotite,  small  crystals  of  which 
it  sometimes  includes.  Sections  parallel  to  the  principal  axis  attain 
a  length  of  0*60  mm.  The  pleochroism  is  fairly  strong,  the  tints 
varying  from  yellowish  to  a  dull  dark  green.  Basal  sections  exhibit 
the  characteristic  six-sided  forms  with  well-defined  cross  cleavages 
intersecting  at  an  ant^le  of  about  124^.  The  blue  amphibole  occurs 
mostly  as  a  secondary  addition  to,  but  partly  also  as  a  replacement 
of,  the  primary  green  hornblende,  and  has  grown  in  crystallographio 
continuity  with  it.  The  cleavage  Ihies  are  usually  continuous  in 
both  varieties,  but  are  finer  and  sharper  in  the  blue  amphibole.  In 
most  cases  this  latter  is  added  to  the  clinopinacoidal  or  terminal 
planes  of  the  green  variety,  and  occurs  also,  but  less  often,  along 
cracks  in  the  interior  of  these  crystals.  The  secondary  enlargement 
is  quite  limited  in  extent  and  seldom  exceeds  0*10  mm.  in  greatest 
length,  the  average  being  rather  below  this  figure.  The  junction 
line  between  the  two  varieties  is  generally  distinct,  and  they  are 
also  sharply  marked  off  from  one  another  by  their  notably  different 
pleochroism.  Exceptionally  a  very  narrow  band  or  zone  of  material 
of  a  much  paler  blue  colour  than  the  normal  blue  amphibole  occurs 
between  the  latter  and  the  green  hornblende.  The  drawings  show 
the  characteristic  mode  of  occurrence  of  the  secondary  mineral  in 
question.  Owing  to  its  small  size  it  does  not  present  facilities  for 
satisfactorily  determining  its  optical  properties,  but  in  so  far  as 
it  is  possible  to  do  so,  they  would  appear  to  be  as  follows.  Sections 
approximately  parallel  to  the  clino[)inacoid  show  that  the  extinction 
angle  is  about  15'",  and  that  this  takes  place  on  the  opposite  side 
of  the  vertical  axis  to  that  of  the  green  hornblende  to  which  it  has 
been  added.  Observations  with  the  (piartz  wedge  appear  to  prove 
that  this  direction  of  extinction  corresponds  also  with  the  axis  of 
maximum  elasticity.  The  pleochroism  is  strong  and  is  as  follows  \ 
a  =  sky-blue,  b  =  pale  reddish-violet,  c  =:  pale  ^^gWonnv^*  'Wia 
absorption  formula  is  a  >  h  >  c. 
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In  some  isolated  cases  the  blue  ampliibole  shows  wavy  eztinotion 
under  crossed  nicols,  due  apparently  to  a  gradual  change  in  chemical 
composition  during  its  formation.  It  was  found  impracticable  to 
isolate  material  for  chemical  analysis,  but  there  can  be  no  reasonable 
doubt  that  it  belongs  to  the  soda  amphibole  group  of  which 
riebeokite  and  arfvedsonite  are  typical  examples. 

The  occurrence  of  a  secondary  blue  amphibole  under  conditiona 
exactly  similar  to  those  just  detailed  above  has  been  described  by 
Dr.  Whitman  Cross  *  in  the  case  of  an  allied  rock  from  Ooloradbi 
A.  0.  Lane'  also  records  a  siuiilar  occurrence  in  a  syenite  from 
Michigan.  More  recently  J.  S.  Flett'  notes  the  presence  of 
a  secondary  blue  amphibole  in  cracks  in  crystals  of  hornblende  in 
one  of  the  lamprophyre  dykes  of  the  Orkney  Islands.  The  mineral 
from  the  Go.  Down  corresponds  so  closely  in  every  particular  with 
those  from  the  two  American  localities  aboved  cited,  that  the  writer 
has  little  hesitation  in  referring  it  to  the  same  species.  The  mineral 
described  by  Cross  has  been  called  crossite  by  Ch.  Pelache,^  who 
also  has  described  a  species  with  identical  optical  properties 
Dr.  Cross,  however,  in  a  later  publication '  states  that  the  mineral 
in  question  is  considered  to  be  arfvedsonite  by  Dana,*  Brogger,'  and 
Bosenbusch.*^  It  may  be  noted  further  that  Iddings,  in  his  trans- 
lation *  of  Bosenbusch's  work,  describes  the  secondary  amphibole  of 
Cross  in  the  context  between  glaucophane  and  riebeokite,  which 
position  the  at  any  rate  optically  similar  species  of  Pelache" 
occupies  by  virtue  of  its  intermediate  chemical  composition.  Eoaen- 
busch  ^*  notes  the  occurrence  of  a  blue  amphibole  in  a  minette  from 
Wacheuback  in  the  Vosges,  the  rock  belonging  to  the  same  group  as 
the  Co.  Down  specimen. 

VI. — On  Rhadixicuthys  Moxsysis,  Egerton,  and  its  Distributio!I 

IN  THE  Yorkshire  Coalfield. 

By  Edgar  D.  AVellhuun,  L.R.C.P.,  F.G.S.,  F.R.I.P.H.,  etc. 

THIS  species  was  first  described  by  Sir  P.  De  M.  Grey  Egerton"  as 
Palccouiacas  monensiSf  in  1850,  from  detached  scales  from  the 
Coal-measures  of  Anglesey.  Subsequently,  Dr.  R.  H.  Traquair" 
proved  that  the  proper  position  of  the  fish  was  in  his  genus  Bhadin- 
ichthjs.  Up  to  this  date  only  detached  scales  had  been  known,  but 
in  the  paper  just  mentioned  Dr.  Traquair  described  si)eciDiend 
showing  many  points  in  the  structure  of  the  fish  which  had  beea 

*  Ainer.  Jouiii.  Sci.,  vul.  xxxix  (1890),  p.  359  et  seq. 
-  Amer.  Jouni.  ^ci.,  vol.  xlii  (IS'Jl),  p.  505. 

'  Trans.  R<»y.  Soc.  Edinburgh,  vol.  xxxix  (1900),  pt.  iv,  p.  884. 

*  Bull.  Dupt.  Geol.  Univ.  California,  1894,  p.  181  c-t  seq. 

*  16th  Ann.  Rep.  U.S.  Gool.  Survey,  1894-95,  pt.  ii,  p.  30. 
«  Syst(fni  of  Mincralopry,  eth  edition,  1892,  p.  402. 

'  Die  Gestcine  d«;r  Grorudit-Tinj^uait-Serie,  1894,  p.  33. 

■  Die  mikro.  rhys.  dcr  petro.  wichti'^n  Min.,  3rd  ed.,  1892,  p.  667. 

9  Translation  of  the  lu^t  work  bv  Iddmgs,  1898.  p.  270. 
»o  Loc.  cit.,  p.  189. 

^*  Mikro.  Phys.  d.  massip^cn  Gestoinc,  1896,  p.  510. 
*'  Quart.  Joum.  Geol.  Soc,  vol.  xi  (1850),  p.  5. 
"  Proc.  Roy.  Thys,  Soc.  E^Tib.,  \o\.  \v  y.8781,  p.  241. 
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l&itherto  unknown.  In  my  oollection  there  are  many  fragmentary 
remains,  collected  from  the  Yorkshire  Coal-measures,  which  show, 
among  other  interesting  points,  the  form  and  ornamentation  of  many 
df  the  bones  of  the  head  and  shoulder-girdle ;  while  one  more  nearly 
perfect  specimen  shows  well  the  form  of  the  fish  and  some  other 
points  in  its  anatomy  which  have  not  been  hitherto  described,  namely, 
the  relative  positions  of  the  dorsal,  anal,  and  ventral  fins,  the  former 
being  very  well  preserved  and  perfect. 

From  the  material  above  mentioned,  together  with  that  already 
described  by  Dr.  Traquair,  I  now  think  it  possible  to  give  a  fuller 
and  more  detailed  description  of  the  fish  than  has  hitherto  been 
possible. 

One  specimen  in  my  collection,  which  shows  the  fish  from  a  line 
Irawn  obliquely  upwards  and  backwards  from  a  point  immediately 
behind  the  pectoral  fin  to  a  point  slightly  beyond  the  commencement 
of  the  caudal  fin,  would  represent  a  fish  about  55  mm.  to  60  mm.  in 
length ;  but  other  fragmentary  remains  show  that  the  adult  fish 
reached  a  larger  size,  probably  about  90  mm.,  and  this  size 
[X)rre8ponds  with  that  given  by  Dr.  Traquair. 

The  bones  of  the  head  appear  to  be  of  the  same  form  and  to  have 
the  same  arrangement  as  those  of  other  members  of  the  genus 
Ehadinichthys,  The  cranial  buckler,  as  shown  by  specimens  in  my 
collection  and  as  pointed  out  by  Dr.  Traquair,  is  ornamented  with 
"  tolerably  coarse  ridges,  passing  here  and  there  into  tubercles."  The 
3percular  bones  are  ornamented  in  a  similar  manner,  but  the  ridges 
ippear  to  be  somewhat  finer,  not  so  frequently  interrupted,  and 
rather  more  irregular  in  arrangement.  On  the  maxillaB  the  ridges 
ire  moderately  coarse,  are  interrupted  at  distant  intervals,  and  recur 
in  slightly  wavy  lines  more  or  less  parallel  with  the  inferior  border, 
which  does  not  show  any  signs  of  tuberculation.  The  mandible,  as 
pointed  out  by  Dr.  Traquair,  is  *'  slender  and  tapering,  sculptured 
ivith  a  few  tolerably  coarse  ridges,  which,  as  usual,  pass  forwards  and 
also  obliquely  upwards  to  meet  the  dentary  margin  at  a  very  oblique 
angle."     The  teeth  are  small,  conical,  and  somewhat  incurved. 

The  bones  of  the  shoulder- girdle  are  of  the  usual  form  and 
arrangement,  and  are  sculptured  with  ridges  which  are  interrupted 
at  distant  and  irregular  intervals,  and  which  run  more  or  less 
parallel  with  the  borders  of  the  bones. 

The  body  is  elegantly  fusiform,  but  somewhat  elongated,  the 
greatest  depth  being  at  a  point  about  midway  between  the  occiput 
and  the  commencement  of  the  dorsal  fin,  the  depth  here  in  one 
specimen  in  my  collection  being  10  mm.  and  the  total  length  of  the 
fish  (when  perfect)  probably  about  50  mm.  From  this  deepest 
region  the  body  gradually  tapers  to  a  delicate  tail  pedicle. 

The  scales  on  the  nape  appear  equilateral ;  on  the  mid-flank  they 
are  slightly  higher  than  broad ;  on  the  belly  they  become  low  and 
narrow;  and  posteriorly  they  get  gradually  smaller  and  more  nearly 
equilateral  until  on  the  tail  pedicle  they  assume  the  usual  lozenge- 
shaped  form.  The  scale  ornamentation  consists  of  (1)  a  few  sharply 
cut,  faint  striae,  which  run  parallel  and  close  to  t\i^  Wi\,^T\ot  ^\iii. 
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inferioT  borders,  and  (2)  foar  or  fin  ridgeB  whicli  oommeDoe  at  tli* 
posterior  dentionlations  and  mn  forward  for  some  distance  aonw 
the  soale,  the  ridges  becoming  somewliat  more  oblique  from  below 
upwards.  Tbis  scnlpture  is  most  strongly  marked  on  the  scaleiof 
the  nape,  bat  from  this  point  it  gradually  appears  to  become  fainler, 
the  striffi  parallel  with  the  anterior  and  inferior  borders  being  £nt 
lost ;  the  ridges  then  become  fainter  and  less  marked,  but  thft 
posterior  denticles,  althongh  they  become  less  in  number,  appear  to 
M  present  on  the  ecales  far  back  on  the  body  neat  the  tail  p«diole. 

llie  pectoral  fin,  as  pointed  out  by  Dr.  Traqoair,  appears  to  Iutb 
been  "  of  moderate  size  and  its  principal  rays  unarticnlated  antil 
near  their  termination."  The  Tontral  fins  are  not  well  shown  in 
any  specimen,  but  one  in  my  collection  shows  a  traoe  of  one  of  theu 
fine,  though  not  in  a  condilion  to  permit  of  a  detailed  deicriptioa: 
it  appears  to  have  been  small  and  delicate.  The  dorsal  fin  ii 
beautifully  shown  in  the  specimen  mentioned  above :  it  commence* 
at  a  point  very  slightly  in  advance  of  the  anal  fin,  the  two  fiu 
being  nearly  opposed  to  each  other.  This  fin  is  of  moderate  siu, 
acuminated,  concavcly  cut  out  behind,  and  composed  of  delioate  rafs 
which  dichotomize  distally,  the  terminal  branches  of  the  rays  being 
very  fine.  The  rays  are  distantly  articulated,  and  show  a  singls, 
sharply  cut,  longitudinal  farrow.  The  anal  fin  in  the  same  specimen 
is  more  imperfect,  but  a  fin  of  similar  form  and  construction  ii 
indicated.  The  caudal  fin  in  the  above  specimen  commences  U 
a  point  about  ITmni.  behind  the  oommenoement  of  the  dorsal  fin, 
but  unfortunately  only  the  proximal  portion  of  the  fin  is  ahowD. 
According  to  Dr.  I'mijuair,  the  "  rays  are  delicate  and  their  articQla- 
tions  rather  distant." 


nutural  sizs. 
T  T,  toil  pedide. 

In  the  Yorkshire  ConK measures  this  fish  is  mostly  found  in  a  very 
fragmentary  condition  ;  but  it  has  o.  wide  distriliution,  and  ocouis  i" 
the  Bhale  above  tlie  following  coal-seams : — 
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I.  LOWXB  GOAL-MXABUBS8. 

a.  Halifax  Soft-bed  Coal  (Shibden). 

h.  Halifax  Hard-bed  Coal  (Qaeensbury). 

e.  Better-bed  Coal  (how  Moor  and  Wyke). 

d.  Blaok-bed  Coal  (Low  Moor). 

e.  Cannel  Coal  (Whitehall  Lane,  near  Low  Moor). 
/•  Crow  Coal  (near  Leeds). 

IL  Middle  Coal-mxasubes. 

a.  Cannel  Coal  (Tingley). 

5.  Haigh  Moor  Coal  (Castleford). 

c.  Bamsley  Thiok  Coal  (Bamsley). 

In  different  individuals  the  soale  sculpture  shows  very  considerable 
differences  as  regards  the  strength  and  prominence  of  the  scale- 
markings,  the  sculpture  being  much  more  pronounced  in  the  case 
of  some  individuals  than  in  others  where  the  scales  seem  almost 
smooth.  Another  point  of  interest  is  that  in  the  young  fish  the 
ventral  scales  do  not  appear  to  be  so  low  and  narrow  as  they 
are  in  the  more  adult  fish.  The  fish,  a  young  one,  which  has 
been  carefully  figured  above,  shows  this  well. 

VII. — Note  on  a  TbBTOisx  from  the  Wealden  of  the  Isle  of 

Wight. 

By  Ebodtald  W.  Hoolet,  Esq. 

IN  May,  1897,  a  fossil  tortoise  was  found  about  10  feet  above  low 
water-mark  opposite  Shepherd's  Chine,  by  Mr.  Wm.  White,  of 
Atherfield,  Isle  of  Wight.  It  came  into  my  possession  in  July  of 
last  year  (1899).  At  that  time  the  only  portions  clear  of  matrix 
were  the  sixth,  seventh,  and  eighth  costal  bones,  the  edges  of  the 
marginals,  and  the  epi-  and  hyoplastrals  nearly  to  the  notch ;  the 
matrix  is  a  fine  silt  containing  much  iron.  The  specimen  had  been 
subjected  to  long  attrition  by  the  sea.  A  very  thin  but  hard  seam  of 
whole  and  broken  Paludina  had  offered  a  stubborn  resistance,  as 
likewise  it  did  against  a  finely  pointed  and  tempered  chisel.  On 
the  surface  of  the  carapace  are  several  Cyprids  (sp.  ?)  and  the 
impression  in  section  of  Paludina, 

The  carapace  is  somewhat  distorted  and  flattened ;  in  its  present 
state  it  measures  12^  inches  long  from  A  to  B  and  14|  inches  wide 
from  C  to  D;  in  life  its  shape  was  probably  ovoid.  A  semicircular 
piece  of  the  fifth  costal  on  the  left  side  and  the  greater  portion  of 
the  posterior  costals,  the  pygals,  and  posterior  marginals  have  been 
destroyed  by  the  sea  subsequent  to  the  fall  of  the  specimen  from 
the  cliff,  but  in  other  respects  it  is  remarkably  complete. 

The  neurals,  eight  in  number,  are  narrow  and  elongate,  some 
being  twice  as  long  as  broad.  There  are  eight  costals,  of  which  the 
second,  third,  and  fourth  have  been  depressed  beneath  the  rest  of  the 
carapace  to  the  extent  of  their  thickness,  and  outer  ends  of  the  first 
and  fifth  left  costals,  moreover,  have  been  forced  under  the  marginals. 
7he  nuchal  is  emarginate  and  seems  to  be  divided  ;  there  are  eight 
xnarginals  on  the  right,  with  a  portion  of  the  seveutk  ojid  ^\^V\v. 
inrantingi  and  seven  on  the  left,  with  but  part  of  tlie  B^^fti\VVT«yr^v^^^^ 


PxsfiocBZLre  TBCTEirsie,  sp.  DOT.  Di(twnoiiG-!Q>u\.^^>!i.iniA.  l^oWE^^KDatian.M 
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The  vertebral  shields  are  wider  than  long,  the  first  by  1|  inches, 
the  second  and  third  by  1  inch,  the  foarth  by  \  inch.  The  area 
underlying  the  second  and  third  vertebral  shields  is  slightly  Anted, 
that  under  the  others  is  smooth. 

The  entoplastral  is  wide,  and  rounded  anteriorly  and  posteriorly ; 
mesoplastrals  are  absent  The  suture  between  the  hypo-  and  the 
xiphiplastrals  commences  below  the  apex  of  the  sulcus  dividing  the 
anal  and  femoral  shields,  thence  it  ascends  and  terminates  nearly  at 
the  top  of  the  inguinal  notch.  The  sulcus  dividing  the  abdominal 
and  femoral  shields  is  entirely  on  the  hypoplastrals ;  it  ascends 
towards  the  hyoplastrals,  and  terminates  in  the  inguinal  notch. 
The  anal  shields  extend  on  to  the  hypoplastrals.  The  total  length 
of  the  plastron  is  12^  inches. 

From  the  above  particulars  I  conclude  that  the  specimen  belongs 
to  the  genus  Flesiochelys  (Riitimeyer).  It  differs  from  P.  valdensis 
by  the  very  slight  fluting  of  the  area  underlying  the  vertebral 
shields ;  indeed,  as  mentioned,  this  is  absent  except  under  the  second 
and  third.  It  can  be  distinguished  also  by  the  fact  that  the  vertebral 
shields  extend  only  one-third  across  the  costal  bones ;  in  this  respect 
it  agrees  with  P.  Brodiei,  The  shape  of  the  shields  differs  from  that 
seen  either  in  P.  Brodiei  or  P.  valdensia,  and  approaches  very  nearly 
to  the  form  characteristic  of  Pleurostemum  concinnum.  The  shape  of 
the  nuchal  bone  is  different  from  that  of  the  other  species  mentioned, 
and  the  entoplastral,  instead  of  being  V-shaped  posteriorly,  is  rounded. 
The  suture  of  the  xiphiplastral  bone  in  F.  Brodiei  is  very  nearly 
horizontal,  whilst  in  the  specimen  now  described  it  ascends  and 
terminates  a  little  below  the  inguinal  notch. 

I  endeavoured  by  the  matrix,  the  Paludina  seam,  and  Cyprids  on 
the  surface  of  the  carapace  to  fix  the  exact  horizon  whence  the 
6[>ecimen  came,  but  after  diligent  and  careful  search  could  not  locate 
closer  than  it  is  within  the  49  feet  of  Wealden  shales  immediately 
overlying  the  sandstone  of  Cowlease  Chine  and  Barnes  High,  there- 
fore about  120  feet  more  or  less  below  the  Perna  Bed ;  but  if  the 
Cyprids  on  the  carapace  prove  to  be  Candona  Mantelli  (Jones)  this 
would,  I  think,  be  sufficient  to  fix  the  horizon  at  100  feet  below  the 
Perna  Bed  in  the  9  feet  of  shales  with  Candona  Mantelli  (Jones)  in 
the  section  on  p.  15,  Memoirs  of  Geological  Survey,  Isle  of 
Wight,  1889. 

My   amateur  examination  seems  to  point  to   this  being  a  new 

fipecies;  if  it  be  so  I  would  suggest  Plesiochehjs  vectensis  as  its  name. 

Explanation  of  Paoe-plate  Illustration  (p.  264  opposite). 

Fio.  1,  A. — The  carapace  (dorsal  aspect). 
Fio.  2,  B. — The  plastron  (ventral  aspect). 

ab.  Abdominal  shields.  hum.  Humeral  shield. 

an.  Anal  shields.  hpp.  Hypoplastral  plate. 

c  1-8.  Costul  plates.  ht/p.  Ilyoplastnil  plate. 

a  1-4.  Costal  scutes.  ty.  Intergular  plate. 

etttp.  Entoplantral  plate.  n  1-8.  Neural  plates. 

ep.  Epiplastral  plate.  nu.  Nuchal  plate. 

Jem.  Femoral  sliield.  xp.  Xiphiplastral  plate. 

y.  Gular  shield.  v  1-4.  Vertebral  shields, 

M=  matrix. 
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YIII. — Thb  Stability  of  thx  Land  abouhd  Hudson  Bat. 

By  J.  B.  Tthbbll,  F.G.S. 

IN  a  former  number  of  this  Magazine,  and  also  in  a  Bepori 
published  by  the  Greologioal  Survey  of  Canada,  I  showed 
reasons  for  believing  that  whUe  the  land  around  Hadaon  Bay,  in 
the  northern  part  of  Canada,  had  undoubtedly  risen  several  hundred 
feet  in  Fost-Glacial  times,  it  has  now  reached  a  oondition  of 
stability  similar  to  that  of  the  land  along  the  Oulf  of  St.  Lawrence 
and  on  the  eastern  seaboard  of  Canada. 

In  taking  this  position  I  was  obliged  to  oombat  the  views  of  my 
friend.  Dr.  Robert  Bell,  of  the  Geological  Survey  of  Canada,  who 
had  stated,  and  who  has  since  repeated  the  statement  before  the 
Geological  Society  of  America,  that  the  land  around  Hudson  Bay 
is  now  rising  at  the  rate  of  from  seven  to  ten  feet  in  a  century. 

Some  valuable  historical  light  has  just  been  thrown  on  this 
interesting  question  by  the  publication  of  Jens  Munck's  aooount 
of  his  expedition  to  Hudson  Bay  in  1619  a.d.,  translated  from  the 
Danish  and  edited  by  C.  C.  A.  Gosch,  and  published  by  the  Hakluyt 
Society  in  1897. 

Jens  Munck  entered  Hudson  Bay  eight  years  after  it  had  been 
discovered  by  Henry  Hudson,  and  as  far  as  is  known  he  was  the 
first  white  man  to  enter  Churchill  harbour,  on  the  west  side  of  that 
great  Bay,  or  inland  sea.  Here  he  spent  more  than  ten  months, 
from  the  7th  September,  1619,  to  the  16th  of  July,  1620;  but  as  his 
account  of  his  expedition  was  written  and  published  in  Danish^ 
and  has  not  previously  been  translated  into  English,  it  has  remained 
almost  entirely  unknown. 

His  sailing  directions  for  entering  the  harbour  are  as  follows:— 
'*  TVhoever  desires  to  enter  the  harbour  must  leave  the  beacons  (on  the 
rocks  to  the  west)  to  starboard  and  sail  in,  steering  south-west 
A  little  way  inside  the  entrance  there  is  a  sunken  rock  under  the 
water,  but  on  the  eastern  side,  so  that  one  can  pass  it  without 
difficulty.     One  may  then  cast  anchor  in  7  or  8  fathoms." 

These  directions  were  written  nearly  three  hundred  years  ago, 
and  they  describe  the  conditions  exactly  as  they  exist  at  present 
The  sunken  rock  is  titill  iu  the  eastern  side  of  the  channel,  so  that 
ships  must  keep  along  the  western  side.  As  that  rock,  in  1619, 
was  a  menace  to  navigators,  it  could  not  have  been  more  than 
a  few  feet  under  water,  and  if  the  land  had  since  then  been  rising 
at  any  such  rate  as  from  7  to  10  feet  in  a  century,  it  would  now  be 
high  out  of  the  water.  A  difference  in  the  relative  elevation  of 
land  and  water  of  even  a  few  feet  would  have  made  a  great  difference 
in  the  character  of  this  channel,  but  instead  it  seems  to  have  been 
the  same  then  as  now.  There  can  be  no  doubt  as  to  the  rook  meant 
by  Munck,  for  there  is  only  one  conspicuously  in  the  channel,  and 
the  banks  are  otherwise  very  regular. 

After  entering  the  outer  channel  the  depths  of  7  or  8  fathoms  in 
the  harbour  are  almost  precisely  the  same  as  those  shown  on  the 
chart  mada  by  the  officers  of  the  Canadian  Government  in  1886, 
namely  6  to  8^  fathoms. 
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Farthermore,  in  this  book  several  plates  are  inserted,  one  of 
whioh,  oppoaite  p.  23,  shows  Ohurchill  harbour,  and  Munok's  ships 
moored  near  its  western  side,  one  Danish  mile  (=^  English 
statute  miles)  from  its  entrance.  The  ships  lay  on  the  tidal  flat» 
which  was  "nearly  900  fathoms  across,"  and  were  "not  farther 
from  the  shore  than  about  12  or  14:  fathoms."  They  evidently  lay 
a  short  distance  above  a  high  point  extending  down  to  the  shore  of 
the  harbour  from  the  west,  and  their  position  was  therefore  some- 
where in  front  of  where  the  Hudson's  Bay  Company's  Trading  Port 
IB  at  present  situated. 

The  plate  represents  a  bird's-eye  view  of  the  harbour,  and  shows 
it  very  much  as  it  would  appear  in  a  similar  view  at  the  present 
time,  and  not  at  all  as  it  would  appear  if  the  land  had  been  rising 
since  then  at  any  such  rate  as  from  7  to  10  feet  in  a  century,  or  say 
in  all  19-25  feet,  for  much  of  the  surrounding  land  is  so  low  that 
with  such  a  difference  in  elevation  large  areas,  which  are  now  dry 
land,  would  have  then  been  submerged. 

Mosquito  Point,  a  low  rocky  point  at  the  head  of  the  harbour, 
is  distinctly  shown  on  the  plate,  and  Fort  Prince  of  Wales  or 
Esquimaux  Point,  which  projects  beyond  the  mouth  of  the  harbour 
on  its  western  side,  is  clearly  seen  to  be  connected  with  the  more 
southern  portion  of  the  mainland,  as  it  is  now,  and  there  is  no  sign 
of  a  channel  across  the  connecting  neck  of  land,  though  the  land 
ia  there  so  low  that  a  depression  of  a  few  feet  below  its  present 
level  would  cause  the  existence  of  a  wide  and  distinct  channel  here. 
Had  this  channel  existed  in  Munck's  time  there  can  be  little  doubt 
that  it  would  have  been  shown  on  his  niap. 

As  these  are  the  oldest  historical  records  obtainable  of  the  former 
character  of  Churchill  harbour  they  are  of  considerable  geological 
interest,  and  they  are  clearly  in  line  with  the  arguments  which 
I  adduced  in  a  former  paper  in  this  Magazine,  that  during  the 
historical  period  there  has  been  no  determinable  change  in  the 
relative  levels  of  land  and  water  on  this  portion  of  the  western  shore 
of  Hudson  Bay. 

IX. — FiBSTFBUITS     OP    A     GEOLOGICAL     EXAMINATION     OF    SnOWDON. 

By  J.  R.  Dakyns,  Esq. 

A  BS  longa,  vita  brevis.  This  is  especially  true  when  one  reaches 
the  age  of  64.  I  therefore  commit  to  paper  some  of  the  results 
of  a  geological  investigation  of  Snowdon  on  which  I  am  engaged. 
I  start  of  course  from  the  work  of  Messrs.  Kamsay  and  Selwyn 
embodied  in  the  Geological  Survey  Map  of  Snowdon  and  Kamsay's 
memoir  on  North  Wales.  To  make  what  I  have  to  say  clear  I  may 
state  that  the  rocks  of  Snowdon  are  by  Eamsay  and  Selwyn  divided 
into  three  principal  groups,  viz. :  A,  an  upper  felsitic  lava ;  an 
intermediate  band  (B)  of  bedded  fossiliferous  rocks  of  Bala  age, 
containing  much  volcanic  material,  called  the  calcareo-felspathic 
ashy  series ;  and  a  lower  mass  (C)  of  felsitic  rocks.  This  lower 
mass  is  in  some  places  divided  by  sedimentary  bands  consisting  of 
slates    and    grits.     Below    C    come  blue  slates  and  ^x\X.^)  V\>^ 
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oooasional  voloanio  bands,  D;    and  below  D  the  great  mass  of 
volcanio  rooks  (E)  whioh  form  Olyder  Faoh  and  Y  l%fan. 

1.  The  lower  Snowdonian  felstones  (C)  are  ooloared  on  the  map 
as  lavaSy  and  are  always  spoken  of  as  suoh  in  the  memoir  on  North 
Wales.  In  many  plaoes,  however,  they  are  not  lavas,  but  fra^^ 
mentary  rocks.  Their  fragmentary  oharaoter  may  be  seen  (to 
mention  a  few  localities)  in  Cwm  Llan,  espeoially  west  of  the  oopper 
vein  not  far  from  the  stone  erected  in  honour  of  Gladstone,  and  idso 
near  the  footpath  leading  from  Rhyd-dhu  to  Snowdon  some  fire 
hundred  yards  or  so  beyond  the  half-way  house.  These  rooks,  C,  in 
fact,  consist  of  three  kinds : — First,  massive  unoleaved  rocks  showing 
fluxion  structure  and  in  some  places  columnar;  these  are  ao- 
doubtedly  lavas:  secondly,  compact,  often  dose-jointed,  rocks  of 
a  smooth  fracture,  somewhat  like  lava,  but  without  fluxion  structure; 
these  are  probably  tuffs  or  masses  of  consolidated  felsitio  dust: 
thirdly,  highly  cleaved  felsitio  rocks.  These  last  are  in  some  places 
obviously  of  a  fragmentary  character,  but  more  often  not  so ;  and 
in  such  cases  it  is  difficult  to  say  whether  they  are  so-called  voloanio 
ash  or  cleaved  lavas.  As  the  obviously  fragmentary  rocks  are  part 
and  parcel  of  them,  my  own  opinion  is  that  they  consist  mainly  of 
ash ;  but  to  settle  this  question  definitely  microscopic  examination  is 
needed.  A  slice  cut  from  one  of  these  fine  and  highly  oleaved 
felsitio  rooks  shows  (as  Mr.  Greenly  tells  me)  certain  small  aggre- 
gates with  igneous  structure,  which  look  much  more  like  fragments 
than  surviving  augen  from  such  rocks  as  the  Bala  felstones.  The 
rock  also  contains  a  considerable  quantity  of  calcite,  much  more  than 
could  be  expected  from  the  felsitic  lavas  in  question,  none  of  which 
luive  yielded  so  much  as  '5  per  cent,  of  lime  (Harker,  ''Bala 
Volcanio  Series,"  p.  13).  It  is  probable,  therefore,  that  the  rock  is 
a  felsitic  tuff  or  dust. 

2.  Kamsay  has  pointed  out  on  p.  150  of  "The  Geology  of 
North  Wales  "  how  difficult  it  is  to  fix  on  a  boundary-line  between 
these  lower  felsites  and  the  overlying  series  (B)  on  the  ridge  of 
Llcchog,  west  of  the  peak  of  Snowdon,  because  both  are  felspathio 
and  both  cleaved.  In  my  opinion  the  difficulty  is  due  to  the  fact 
that  both  are  ashes ;  but  I  have  not  yet  had  any  specimen  from 
this  locality  sliced  and  examined.  In  many  places,  the  lower  rocks 
look  to  me  like  the  *  altered  ashes  '  of  the  Lake  Country. 

3.  Not  only  are  the  lower  felsites  often  intensely  cleaved,  but 
a  very  striking  peculiarity  about  them  in  many  places  is  their 
sheared  appearance;  they  are  often  more  than  cleaved,  they  are 
sheared  (or  even  to  a  slight  extent  foliated  *),  so  much  so  as  in 
some  places  to  remind  me  of  the  quartz-schist  of  the  Western 
Highlands.  This  quasi-foliated  appearance  is  (among  other  places) 
remarkable  alongside  the  road  from  Rhyd-ddu  to  Beddgelert 

4.  The  great  mass  of  these  rocks  (C)  is  quite  devoid  of  bedding. 
In  fact,  their  unbedded  character  is  the  chief  distinction  between 
them  and  the  overlying  series.  At  the  same  time,  it  is  not  always 
easy  to  fix  upon  a  good  line  of  demarcation  between  the  two,  as 

'  Tbo  dinsional  planes  are  coaled  ^ith  tViin  sheets  of  *  sericitic  *  mica. 
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the  lower  rocks  are  bedded  near  the  top ;  or  perhaps  one  shouM 
Bay  it  is  in  places  convenient  to  include  some  well-bedded  rooks 
with  the  lower  group  for  the  sake  of  carrying  on  a  line.  In  some 
places,  however,  lines  of  bedding  are  to  be  seen  in  the  heart  of  the 
group  (G).  This  is  the  case  just  above  Glaslyn,  on  the  north  side 
of  the  tarn,  where  the  rooks  are  of  an  ashy  nature,  and  are  dipping 
at  60°  to  the  W.S.W.  near  a  fault. 

5.  Immediately  south  of  the  outflow  of  Llydaw  there  are  some 
carious  greenish  rocks  of  a  fragmentary  character,  in  which,  however^ 
one  can  rarely  find  any  distinct  bedding.  They  occur  apparently 
at  the  base  of  the  calcareous  series  (B).  though  very  unlike  the 
basement  beds  of  that  series  seen  hard  by,  and  seem  to  wrap  round 
the  upper  part  of  G,  partly  owing  to  a  roll  over,  but  chiefly  from 
their  having,  as  it  seems  to  me,  been  deposited  against  and  around 
a  boss  of  the  lower  felsitic  rocks.  They  include  one  or  two  bosses- 
of  an  intrusive  rock  also  of  a  greenish  hue,  which  are  probably 
oonnected  with  the  great  mass  of  diabase  that  forms  Glogwyn  Aderyn 
and  Glogwyn  Pen-llechen. 

6.  I  may  state,  as  I  have  not  seen  it  mentioned  anywhere,  that 
the  beds  B  are  often  beautifully  false-bedded,  or,  as  I  prefer  to 
say,  cross-bedded.    This  is  well  seen  in  Gwm  Glas. 

7.  In  the  same  Gwm  the  base  of  the  upper  felstone  (A)  is  plainly 
to  be  seen  running  down  northward  from  the  ridge  of  Grib-y-ddysgl 
to  the  northern  end  of  Glogwyn  Person ;  and  it  is  here  manifest 
that  the  felstone  lies  in  a  hollow  in  the  underlying  beds  (B),  for 
it  is  in  contact  with  higher  beds  of  B  on  the  ridge  than  at  the  north 
end  of  Glogwyn  Person,  where  the  junction  of  the  two  rocks  is 
clearly  seen  to  be  a  natural  and  not  a  faulted  one. 

8.  On  Grib  Goch  the  upper  felstone  consists  entirely  of  a  mass  of 
blue  close-grained  columnar  felstone  showing  lines  of  viscous  flow. 
On  Grib-y-ddysgl  the  rock  consists  of  two  distinct  parts,  separated 
by  a  thin  band  of  slate  or  cleaved  tuflf.  The  lower  part  is  a  massive, 
but  not  always  columnar,  felspathio  rock,  containing  on  the  ridge 
calcareous  seams  interbedded  with  it  near  its  base.  This  is  succeeded 
by  a  thin  seam  of  cleaved  tuff,  inconstant  in  occurrence,  overlaid  by 
a  columnar  felstone  exactly  like  the  rock  of  Grib  Goch. 

The  section  at  the  base,  seen  on  the  Gwm  Glas  side  of  the  ridgo, 
is  very  interesting.  The  interbedded  calcareous  seams  are  bent 
over  thus : — 


as  if  (after  consolidation)  the  rock  had  been  thrust  from  north  to 
south  over  the  underlying  slates  and  ashes,  against  which  its  layers 
had  dragged  at  the  junction.    I  have  not  yet  traced  l\iQ  ovsAjc^x^^'^  <^i 
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the  tbrnst  plane,  but  it  oannot  coincide  thronghout  with  tbe  junction 
of  A  and  B,  beoauRe,  as  stated  abore,  that  janction  is  at  Clogwjn 
Person  a  natural  one. 

In  the  figure,  which  is  merely  a  diagram,  the  carved  lines  in  A 
represent  ccdcareous  seams  in  the  felstone;  and  in  B  the  gently 
sloping  lines  represent  bedding,  and  the  vertical  lines  deavage. 

9.  I  had  long  years  ago  noticed  some  pecaliar  vesicular  rooks  in 
the  caloareo-ashy  series,  which  puzzled  me.  It  was  Sir  Archibald 
Geikie  who  first  pointed  ont  that  there  were  andesites  on  Snowdon. 
After  reading  his  account  of  these,  I  examined  the  rocks  in  the 
places  on  Snowdon  mentioned  by  him,  and  then  fonnd  that  these 
andesites  were  one  and  the  same  with  my  peculiar  vesicular  rooks, 
so  I  set  about  mapping  them,  and  very  useful  I  have  found  them 
in  showing  where  faults  do  and  do  not  occur.  In  doing  this  work 
I  have  found  and  partly  mapped  several  rocks  that  bear  a  family 
likeness  to  one  another;  some  of  them  are  not  vesicular,  and 
I  fancy  may  be  fine-grained  andesitic  tu£fs;  but  whether  tu£Es  or 
lavas,  they  form  a  group  of  similar  rocks  distinct  from  the  rooks  amid 
which  they  occur.  They  are  characterized  by  a  splintery  fracture, 
smooth  texture,  dull  grey  colour,  rusty  weathering,  and  are  oftan 
highly  cleaved.  Idlest  of  the  specimens  examined  show  under  the 
hand  lens  the  characteristic  "  trachytic  meshwork  of  minute  felspar 
laths."  At  present  I  look  upon  them  as  oontemporaneous  intei- 
bedded  rocks :  there  are,  however,  places  where  they  might  be 
supposed  to  be  intrusive,  but  perhaps  this  is  a  deceptive  appearance 
due  to  faulting.     I  do  not  know  yet  about  this. 

The  regions  where  I  have  mapped,  or  commenced  mapping,  them 
are  on  the  flanks  of  Crib-y-ddysgl  and  beneath  the  peak  of  Snowdou, 
both  above  Glaslyn  ou  one  side  and  at  the  head  of  Cwm  Clogwyn 
on  the  other,  and  on  the  ridge  leading  from  the  summit  of  the 
mountain  to  Bwlch-y-raaen.  I  suspect  from  what  I  have  lately 
seen  (in  unfavourable  weather)  that  similar  rocks  also  occur,  as  is 
but  natural  they  should,  in  the  calcareous  series  south-east  of 
Lliwcdd,  and  I  know  that  a  rock  of  this  description  forms  Clogwyn- 
y-gysgfa  on  tho  east  side  of  the  road  from  Pen-y-gwryd  to 
l^e(kl«j;elert. 

The  andesitio  rooks  lie  chiefly  in  the  calcareous  series  (B),  but 
one.  a  well-marked  lava,  which  I  had  mapped  as  such  before  I  knew 
anything;  about  andosites,  occurs  amid  the  lower  felsitic  rocks  (C) 
near  the  head  of  the  rocky  spur  called  the  Gribbin  or  Criman, 
which  runs  down  to  the  foot  of  Glaslyn  from  the  south.  I  see  that 
the  tracinpj  of  these  beds  will  necessitate  a  modification  of  some  of 
tho  lines  on  the  Survey  map. 

10.  As  far  as  1  know,  all  tho  intrusive  rocks  coloured  as  Oreen- 
stones  on  the  Geological  Survey  map  are  Diabases;  but  there  are 
<tthers  of  a  difl'erent  character,  which  are  not  shown  on  the  Survev 
ni:ij).  to  wit,  a  boss  of  igneous  rock  of  an  apparently  intermediate 
but  variable  character  (as  I  am  informed  by  Mr.  E.  Greenly)  on  the 
south  side  of  Cwm  Dyli,  a  mass  of  Diorite  below  Caer-gors  (rather 
nwvd  thnn  a  mile  from  llhyd-dhu  station),  and  several  sills  and 
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kei  of  an  intermediate  character  on  Mynydd  Drws-y-ooed.  I  may 
well  say  at  once  that  the  mineralogical  character  of  all  the 
ove-mentioned  rocks,  as  well  as  of  others  not  mentioned,  were 
termined  ^  for  me  by  my  friend  Mr.  E.  Greenly,  to  whose  great 
adness  in  naming  my  specimens  my  warmest  thanks  are  due. 
There  are  also  some  intrusive  felstones,  bosses,  and  dykes  in  the 
lowdon  area.  One  of  these  I  have  already  mentioned  in  a  note  to 
B  British  Association  at  Bristol.  It  is  an  oblong  mass  of  felstone, 
owing  lines  of  viscous  flow  parallel  to  its  north-western  faoe,  and 
dely  columnar  perpendicular  to  that  face,  exactly  like  the  felstone 
Crib  Gk>ch,  and  not  like  any  part  of  the  lower  felsitic  rocks  of  the 
imediate  neighbourhood.  I  take  it  to  be  a  plug  and  root  of  the 
ib  Gkx>h  lava.  It  occurs  between  Glaslyn  and  Bwlch  Qoch. 
On  the  ridge  called  Llechog,  that  bounds  Cwm  Clogwyn  on  the 
ath,  a  band  of  compact  unoleaved  felstone.  running  N.W.  and  S.E., 
mds  up  as  a  dyke  amid  the  cleaved  felsitic  rocks  (C).  In  the 
vm  also  a  felstone  dyke  running  W.N.W.  and  E.S.E.  is  seen 
ling  up  the  cliff.  This  may  possibly  be  the  lower  part  of  the 
'ke  mentioned  above.  I  have  not  decided  about  this  yet. 
I  may  remark  that  the  existence  of  felstone  dykes  amid  the 
lowdonian  rocks  is  a  discovery,  for  none  such  have  been  hitherto 
cognized. 

11.  The  great  masses  of  diabase  that  occur  so  plentifully  in  the 
ighbourhood  of  Snowdon  are  generally  massive  rooks  quite 
loleaved,  but  they  are  often  cleaved  or  sheared  along  their 
argins.  Ramsay  remarks  on  this  feature,  and  says,  on  p.  157  of 
The  Geology  of  North  Wales"  :  *' At  its  junction  with  the  felspathio 
^rphyry  the  greenstone  is  often  partially  decomposed ;  its  crystal- 
le  character  is  gone  (probably  from  rapid  cooling  at  its  sides),  and 
possesses  a  flaky  structure  to  so  great  an  extent  that  it  sometimes 
oks  like  some  of  the  cleaved  dark-green  calcareous  ashes,  or  in 
her  cases  assumes  an  appearance  of  a  more  slaty  description." 
liis  is  an  excellent  description  of  the  diabase  along  its  margin,  but 
ere  is  evidently  some  confusion  between  the  phenomenon  of 
chilled  edge  and  that  of  marginal  cleavage  or  schistosity,  which 
ust  (as  it  seems  to  me)  be  due  to  movement  or  pressure.  The 
me  sort  of  thing  occurs  in  the  Scottish  Highlands,  where  masses 
'  basic  rock  among  the  schists  are  sheared  along  their  margins, 
ough  in  the  Highlands  the  rock  is  generally  reconstructed, 
esides  the  above-noted  deformation  along  their  margins,  the 
abeises  are  in  some  localities  deformed  and  rendered  schistose,  or 
mething  very  like  it,  throughout  nearly  their  whole  extent, 
first  noticed  this  in  Cwm  Llan,  on  the  south  side  of  Snowdon, 
id  took  Mr.  Greenly  to  see  it,  so  different  in  appearance  was 
e  rock  from  that  of  the  ordinary  run  of  diabases.  A  precisely 
milar  rock  occurs  on  the  west  side  of  Snowdon  near  Llyn  Nadroedd. 
Q  the  Geological  Survey  map  a  largo  mass  of  greenstone  is 
presented  there,  but  it  really  consists  of  two   separate   masses 

^  Only  a  few,  however,  have  yet  "been  sVieciV. 
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of  intrusive  rock  parted  by  a  band  of  felsite  abont  seventy  yards 
wide.  The  upper  of  these  is  a  massive  ansheared  diabase  of  the 
ordinary  type.  The  lower  is  exactly  like  the  Cwm  Llan  rook,  with 
which  it  is  doubtless  connected  underground.  Both  of  these  masses 
(viz.,  the  Cwm  Llan  rock  and  the  lower  of  the  basic  rooks  near  Llyn 
Nadroedd)  are  highly  complex,  including  a  considerable  variety  of 
material,  of  the  mutual  relations  of  which,  as  well  as  of  their 
relation  to  the  surrounding  rocks,  I  hope  to  be  able  some  day  to  give 
a  detailed  account.^  The  bulk  of  the  rock  is  a  dark-green  schist, 
with  a  highly  developed  parallel  structure  and  a  fine  silky  lustre  oi» 
the  foliation  planes.  Under  the  microscope  the  I'ock  is  seen  to  be 
completely  reconstructed  and  recrystallized,  to  be  a  finely  felted  or 
schistose  aggregate,  in  fact,  a  perfect  crystalline  schist  Chlorite, 
indeed,  forms  the  bulk  of  the  rock,  with  granules  of  epidote, 
magnetite,  and  leucoxene ;  but  some  specimens  are  largely  composed 
of  minute  needles  with  a  much  higher  double  refraction  than 
chlorite,  which  can  hardly  be  anything  but  a  pale-green  hornblende, 
produced  apparently  at  the  expense  of  the  chlorite,  and  the  result 
therefore  of  a  more  advanced  stage  of  metamorphism.  A  curious 
feature  is  the  presence  in  some  of  these  schists  of  a  large  namber 
of  small  concretions  (up  to  the  size  of  large  peas).  These  are 
composed  of  a  quartz  mosaic,  with  generally  a  border  of  radially 
arranged  needles  of  a  green  mineral,  chiefly  chlorite,  though  horn- 
blende is  also  present.  Some  are  perfect  little  radial  spherulites. 
Many  of  these  concretions  can  be  seen  to  cut  sharply  across  the 
foliations,  and  no  sign  of  strain  has  been  observed  in  their  minerals, 
so  that  it  is  clear  that  they  arc  not  amygdules,  but  that  they  have 
grown  since  the  last  deforming  stresses  to  which  the  rock  was 
subjected. 

The  character  of  these  rocks  is  so  different  from  that  of  any  othor 
of  the  Snowdonian  rocks  that  the  thought  crossed  my  mind  whether 
they  might  not  be  a  boss  of  Arcba3an  rooks  sticking  up  in  the  valley 
bottom;  but  this  idea,  to  say  nothing  of  the  structural  difficulties, 
was  negatived  by  finding  that  the  metamorphic  rock  enveloped 
masses  of  grit,  and  was  therefore  intrusive. 

12.  Before  closing  this  summary  of  my  work,  I  may  as  well 
mention  that  there  is  a  mass  of  basic  intrusive  rock,  not  shown  on 
the  Geological  Survey  Map,  amid  the  rocks  of  the  calcareous  series 
S.  by  E.  from  Cwm  Dyli  waterfall  and  nearly  opposite  Gwastad 
Agnes,  which  I  have  not  yet  mapped;  and  that  I  have  found  and 
mapped  a  boss  of  diabase  of  the  Siabod  type,  not  shown  on  the 
Survey  Map,  from  450  to  700  yards  N.N.W.  of  Pen-y-gwryd. 

I  find,  too,  that  the  upper  part  of  the  felstones  of  Glyder  Fach  on 
the  southern  slope  of  the  hill  consist  of  breccias  which  pass  up 
gradually  into  grits. 

13.  In  conclusion  I  will  briefly  state  the  chief  things  discovered 
by  me  in  the  Suowdon  area :  these  are,  first,  the  fact  that  much  of 

*  The  following  mineral Ojjiciil  description  has  heen  commonicatei  to  me  by 
Mr.  E.  Greenly, 
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the  Iow«r  feUHo  rook  spoken  of  at  laya  is  really  of  a  fragmenteKy 
ohanMiter ;  seoondly,  the  ezistenoe  of  dykes  and  intrunye  msssss  of 
ftbtone;  and  thirdly,  the  highly  metamorphio  rocks  of  Owm  Uan 
•nd  Llyd  Nadroedd.  These  three  things  are  all  new.  Fonrthly,  ihe 
ooeorrenoe  of  diorite  in  the  Snowdon  area  is  a  disoovexy. 


X. — DiAOBAM  or  CioMPOsxTxov  or  loHnoiro  Books. 

Bj  H.  Wakth,  Em|. 

RECENT  studies  about  the  average  ohemioal  oomposition  of  larger 
numbers  of  igneous  rocks  in  the  aggregate  have  shown  uat 
figures  obtained  from  any  one  hundred  or  more  samples  are 
very  similar,  in  faot  practically  equal.  (See  A.  Barker,  <'  On  the 
Average  Composition  of  British  Igneous  Bocks " :  Gbol.  Hag., 
Ifa  y.  Hay,  1899.)  This  will  be  found  also  the  case  when  com- 
paring  the  following  average  which  I  calculated  from  the  analysis 
of  igneous  rocks  compiled  by  Both  in  his  "  Petrographie  der 
plntonischen  (}esteine.** 

Now  if  it  is  of  interest  to  discuss  these  average  results,  notwith* 
standing  the  wide  discrepancies  of  many  individual  compositions, 
it  may  also  be  wortli  while  to  find  out  how  on  the  average  the 
oompositions  vary  with  the  relative  addity  of  the  rooks.  For  this 
purpose  I  have  arranged  tfie  bulk  of  Both*s  samples  in  the  order 


DiAOBAM-FlO.  1. 


of  acidity,  and  after  calculating  average  compositionB  of  eighteen 
groups  of  closely  approaching  acidity,  I  constructed  from  the  figures 
the  subjoined  diagrams.  The  first  diagram  (Fig.  1)  shows  the  actual 
results,  the  second  (Fig.  2)  shows  them  rounded  off. 
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He  {wnentage  of  rilioa  Tsriea  from  80  to  40,  wbA  die  ami 
limits  between  add,  intermediate,  waA  bene  rooks  sre  indiosted  I7 
the  vertioal  lines  on  the  diagnou.  Tlie  diagnms  ahow  tin  pei^ 
oentage  of  the  different  banes  whioh  oomsponds  with  the  peraentsga 
of  nlios  indicated  on  the  straight  diagonal  boimdaty-unes  of  tbe 
silioa  whioh  rise  from  the  points  maAsd  SO  per  oest  on  the  lelt  of 


each  diagram  to  the  points  marked  40  per  oent.  on  tbo  right  of  each 
diagram.  As  it  would  not  be  possible  to  give  so  many  details  on 
the  diagram,  email  quautities  of  other  aoida  have  been  reokoned 
with  tbe  silica  and  treated  as  auoh.  Tbese  aoids  are  titanio  acid, 
pboBphorio,  oarbonio,  and  in  rare  oaaea  aleo  snlphurio  aoid.  In  the 
case  of  the  baaee  I  also  included  tbs  manganona  oxide,  and  &  few 
other  rarer  metallio  oxides  with  the  ferrous  oxide.  Tbe  total  number 
of  apecimeas  wbiob  were  oaloulated  amounted  to  428.  About  sixty- 
six  of  Roth's  analysee  were  omitted,  partly  beoaase  they  referred 
to  strongly  weathered  speoimena,  and  partly  to  exclude  aerpentiDe* 
and  some  other  more  purely  ma^^neeian  silioates.  The  speoimena  as 
given  by  Both  are  from  generally  distributed  looalities,  and  the 
following  are  the  oompositions  of  extremes  and  of  the  total  aven^ 
ia  numerical  figures  : — 


Moitacid... 

..,    79-7 

114 

HoatbuU 
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The  diagrams  thow  the  alumina  to  be  nearly  oonatani,  only 
•lightly  diminishing  towftrds  both  extremes.  The  soda  is  also 
tolerably  oonstant,  diminishing  slightly  at  both  ends.  The  potash 
is  deoidedly  stronger  at  the  aoid  end,  whilst  the  other  oxides 
Inorease  from  left  to  right  so  as  to  show  quite  a  fan«like  expansion 
from  the  add  end  towards  the  basio  end. 

The  diagrams  show  also  that  the  arbitrary  bonndaries  between 
acid,  intermediate,  and  basio  rooks  are  very  suitably  obosen. 


li  33  TT  I  H  ^^AT  S, 


BOLLXTTINO  DXLLA  SoOIXtI   SiBMOLOGIOA  ItALIAHA,  Yol.   Y 

(1899-1900). 

EXCLUDINQ  two  bibliographioal  notioes,  the  present  volame 
contains  nineteen  papers,  of  which  all  are  interesting  and  one 
is  important  In  addition,  is  the  catalogue  of  earthquakes  recorded 
in  Italy  during  the  year  1898,  compiled  by  Dr.  G.  Agamennone  and 
his  successor  Dr.  Oancani.  The  value  of  this  work  is  abiding,  and 
increases  with  erery  fresh  year  of  its  existence. 

If  we  may  judge  from  ^is  volume,  the  recent  energies  of  Italian 
eeiamologists  have  been  directed  less  to  the  invention  of  new 
instruments  and  more  to  the  study  of  their  records.  Nevertheless, 
Drs.  Yicentini  and  Pacher  have  made  an  important  addition  in  the 
form  of  a  vertical  component  mioroseismograph.  The  paper  in 
which  it  is  described,  and  the  representations  of  some  of  its  records, 
are  most  interesting.  Dr.  O.  Agamennone  has  devised  a  new 
seismoscopio  clock,  and  Dr.  G.  Pericle  one  more  seismoscope. 

Professor  A.  Ricco,  of  Catania,  gives  a  summary  of  a  report  on 
the  destructive  earthquake  of  November  16,  1894,  in  Calabria  and 
Sicily,  and  on  its  relations  with  the  earthquakes  of  1783.  From  the 
same  writer  we  have  also  an  account  of  the  Etnean  earthquake  of 
May  14,  1898.  Dr.  Agamennone  describes  the  Balikesri  (Asia 
Minor)  earthquake  of  September  14, 1896,  the  Apennines  earthquake 
of  March  4,  1898,  and  the  Mod ena- Bologna  earthquake  of 
February  2,  1900 ;  while  Dr.  Cancani  studies  the  Latian  earth- 
-quake  of  July  19,  1899.  In  connection  with  barisal  guns 
Professor  Issel's  supplemeiitary  paper  on  the  Umbria  Marches 
earthquake  of  December  18,  1897,  is  deserving  of  study. 

Professor  Mercalli  contributes  observations  on  Vesuvius  (July- 
December,  1898),  and  Mr.  R.  V.  Matteucci  others  on  the  Italian 
volcanoes  generally.  On  July  19  and  25,  1899,  violent  explosions 
occurred  in  the  central  crater  of  Etna ;  these  are  carefully  described 
by  Mr.  S.  Arcidiacono,  and  their  efifeots  on  the  condition  of  the 
<$rater  by  Mr.  A.  Mascari.  C.  Davison. 
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1— Maroh  21,  1900.— II.  W.  Monckton,  Esq.,  F.L.a.  Vioe-Presidenl. 
iD  tbo  Chair.     The  following  communicalioiis  were  read  : — 

1.  "  On  a  Bird  from  tha  Stonesfield  Slate."  By  ProfeBsor  H.  G, 
Seeley.  F.B.S.,  F.L.S.,  V.P.G.S. 

Daring  bis  reaidsnoe  at  OsrorJ  the  Iat«  Darl  of  EnQisklllen  ma^e 
ft  oolleotion  of  Ornithosaurian  bonea  from  StoDesfiuld,  which  was 
•oqoired  I7'  the  British  Museum  in  1866.  Among  theaa  is  one 
identifled  by  the  antbor  in  1899  as  the  right  humerus  of  a  bird 
tbODt  H  lafg>  ai  ft  flamingo.  The  hone  is  complete,  except  for 
bftotnre  thnnuh  the  prosiual  articulation,  and  the  specimen  ie  on 
the  vbcde  veU  preserved.  The  chief  oharacters  available  for  com- 
pftifeoo  en  Dm  rom  af  the  shaft,  the  character  of  the  proximal  end. 
eqtetdftlly  the  idnuf  taherosily  aod  the  radial  crest,  and  the  form  of 
the  diat^  end.  The  characler  which  first  showed  the  fossil  to  be 
ft  bird  WftB  the  Atnar  tuberosity :  probably  the  flamingo  approaches 
aeoloeelyu  my  HTlne  genUB  to  the  Stonesfield  fossil  in  this  feature. 
The  radial  oreet  ihowa  affinities  with  those  of  the  flamingo  and  t1ie 
efdw-dnok.  Tbm  impression  left  by  the  hitmero-oubilal  muscle  uti 
ttte  extemel  nrfhoe  above  the  condyles  is  almost  identical  wilb 
that  eeea  in  the  flamingo.  "  The  varied  affinities  of  this  large 
Oarinata  btrd  appear  to  lie  midway  between  the  ducks  and  geese  ou 
the  one  Bide,  ana  tiie  herons  and  tlnmingos  on  the  other.  It  mny 
be  plaoed  in  a  new  family;  hut  its  oharaotere  are  in  all  reepeoti 
Btioh  as  might  have  oooumd  in  an  existing  bird.  There  ii  no 
Indication  of  affinity  to  the  Arehaopteryx,  or  that  the  bird  di'va^ed 
in  any  way  from  modem  types." 

2.  "The  Lower  Ludlow  Formation  and  its  Graptolite-Famu." 
By  MisB  Ethel  M.  R  Wood.  (Communicated  by  Prof.  0.  Lapworth, 
LL.D.,  F.R.8.,  P.G.8.) 

After  dealing  with  the  literatnre  of  the  stratigraphioal  and 
palsBontoIogioal  sides  of  the  snhjeot,  the  author  passes  to  a  fall 
consideration  of  the  sequenoe  and  charaoter  of  the  Lndlow  Books 
in  the  following  localities  :  the  Ludlow  district,  the  Bnilth 
distriot,  the  Long  Mountain ;  and  g;ive8  a  briefer  aocount  of  thoaa 
of  the  Dee  Valley,  the  Lake  District,  Southern  Scotland,  Dudley, 
and  the  Abberley  Hills.  While  the  Wenlock  Shales  are  charaoterised 
by  Cyrtograpttu  and  by  the  JVemini^tt-type  of  MemograptuM,  in  the 
Iiower  Ludlow  Shales  the  eolonus-  and  spinose  fonns  of  Jlonograptu 
such  as  M.  ehimara  are  abundant  The  line  between  Lower  and 
Upper  Lndlow  is  drawn  at  the  top  of  the  Aymestry  Limestone. 
The  Lower  Ludlow  Bocks  are  divided  into  five  graptolitio  zones, 
which  are  not  oonetant  in  character  or  thickness  in  (he  different 
areas.  The  distribation  of  the  zones  is  given  in  the  annexed  table 
(p.  277).  Two  of  the  zone-graptolites  are  new  spedes,  desi»ibed  in 
the  Utter  part  of  the  paper. 
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In  the  Ludlow  area  the  two  lowest  sones  aie  rioh  in  gnptolitee, 
bat  shade  into  each  other,  and  are  therefore  leaa  olearly  ^Ullnff^^  than 
the  higher  zones,  whioh  each  contain  practically  only  one  species 
and  are  lithologioallj  distinct  In  the  Boilth  area  the  Tanation 
in  the  zones  in  different  parts  may  be  due  to  the  conditions  of  depth 
and  current  under  which  the  graptolites  hsTS  been  deposited,  or  to 
the  overlap  of  higher  beds  on  lower,  as  has  been  shown  to  be  tlie 
case  with  the  Wenlook  and  old  Bed  Sandstone  rocks.  In  the  Long 
Mountain  syndine  M.  ieanietu  is  practicallT  absent^  and  the  typkia 
If.  Zeintwardinenm  of  the  highest  sone  has  not  yet  been  fiwuid, 
although  its  place  appears  to  be  taken  by  a  varietal  form.  Two 
new  species  of  graptolites  are  almost  confined  to  this  district  The 
Buooeasion  worked  out  in  these  districts  ii  confirmed  by  that  in 
the  Dee  valley  and  the  Lake  District,  but  the  evidenoe  at  pieseut 
obtained  in  the  three  other  areas  is  only  scanty. 

The  Lower  Ludlow  sediments  become  thioicer,  coarser,  and  mors 
arenaceous  when  traced  from  the  south  and  soutfi-esst  to  the  north 
and  north-west;  but,  in  spite  of  this,  there  is  a  striking  oonstsncy 
in  the  lithological  sequence  of  the  sediments.  Only  two  of  tlie 
graptolitic  zones,  those  of  JIf.  Niluoni  and  BL  I^iuiwardimemmBf  are 
present  in  all  the  districts.  A  table  is  given  to  show  the  distribution 
of  the  graptolites  in  Britain  and  Europe,  and  one  showing  the  order 
of  appearance  of  the  graptolites  of  the  formation. 

llie  Lower  Ludlow  graptolites  present,  as  a  whole,  the  following 
peculiarities,  and  stand  in  marked  contrast  to  those  from  the  Wenlook 
Bocks  in  the  fact  that  while  the  polypary  is  straight  for  the  greater 
part  of  its  length,  it  is  distinctly  curved  inwards  at  the  proximal 
extremity.  The  apertures  of  the  tbecas  are  for  the  most  part  either 
spinose,  or  wholly  devoid  of  ornamentation.  The  number  of  species 
is  eighteen,  with  thirteen  varieties,  of  whioh  six  species  and  nine 
varieties  of  Monograptua  and  one  species  of  BeiioUteB  are  new,  and 
are  described  and  figured  in  the  paper.  All  the  species  and  varieties 
of  MonograptuB  are  arranged  round  type-species  into  six  groups. 
The  richest  groups  in  species  and  varieties  are  those  of  Af.  dubtut 
and  M,  colonus.  Most  of  these  groups  link  the  Ludlow  Series  with 
Wenlock,  and  even  the  genus  BetioUlea  is  common  to  the  two 
formations.  Thus  the  supposed  great  palaaontological  break  between 
the  two  series  to  a  great  extent  disappears. 

IT.— April  4,  1900.— J.  J.  H.  Teall,  Esq.,  M.A.,  F.B.S.,  President, 
in  the  Chair.    The  following  communications  were  read : — 

1.  "Additional  Notes  on  some  Eruptive  Bocks  from  New 
Zealand."    By  Frank  Butley,  Esq.,  F.G.S. 

The  rocks  described  in  this  paper  were,  with  a  few  exceptions, 
collected  by  Mr.  James  Park.  A  few  of  the  specimens  come  from 
the  area  of  the  Hauraki  Goldfields,  but  many  of  them  were  procured 
from  other  localities  in  the  North  Island,  including  several  from 
Botorua.  The  silica-percentages  of  several  of  the  rocks  have  been 
determined  by  Mr.  P.  Holland. 

The  £r8t  part  of  the  paper  deals  with  twenty-three  rock-specimens 
and  Blidea  from  them.     These  coti«\«\>  ol  i\i^^v\^  ^lA  o^Mldians, 
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with  rhyolitio  and  pamioeoas  breooias  and  tafBi,  geyaeritOBy  and 
aintera.  The  rooka  exhibit  aphenilitic  and  penitio  ftextniea) 
flnxion,  deTitrification,  and  impregnation  with  ailioa*  In  one  oaae 
the  obsidian,  after  aolidifioation,  appears  to  have  undergone  the 
following  changes : — (1)  devitrifioation,  with  formation  of  sphem- 
lites;  (2)  increase  in  temperature  suffioient  to  destroy  the  double 
refraction  of  spherulites  and  the  earlier  formed  felspars ;  (8)  the 
deoomposiUon  of  parts  of  the  spherulites,  causing  them  to  assume 
the  characters  of  a  cross-grained  felsite.  The  rocks  from  Botorua 
exhibit  the  effect  of  solfatario  action  resulting  in  the  production  of 
a  high  percentage  of  silica  in  the  rock,  and  the  development  of 
hyalite  and  isotropic  opal  silica  or  geyserite.  In  some  cases  these 
rocks  haTe  had  silica  substituted  for  portions  of  the  spherulites 
which  have  been  dissolved,  the  fibrous  structure  bein^  preserved  in 
opal-silica,  which,  nevertheless,  exhibits  double  refraction. 

In  conclusion,  the  author  suggests  a  comparison  of  certain  ancient 
rhyolites  of  Great  Britain  with  those  of  New  Zealand  affected  by 
solihtaric  action.  As  to  the  causes  which  may  convert  a  glassy  into 
a  lithoidal  rhyolite  we  still  seem  to  lack  information ;  it  is  possible 
that  the  action  of  steam  may  be  instrumental  in  effecting  such 
a  change,  but  this  is  probably  only  an  occasional  agent,  and  the 
more  general  cause  of  such  changes  must  be  sought  elsewhere. 

2.  ''On  the  Discovery  aod  Occurrence  of  Minerals  containing 
Bare  Elemento."    By  Baron  A.  E.  Nordenskiold,  F.M.a.S. 

Tlie  first  mineral  referred  to  is  soheelite,  and  the  next  cento,  which 
contains  no  less  than  four  rare  metals.  The  incandescent  light 
produced  when  the  latter  mineral  is  fused  with  charcoal-powder  was 
first  observed  by  Cronstoclt  in  1751.  The  discovery  of  gluoina, 
lithia,  selenium,  and  yttria  is  next  referred  to.  Minerals  containing 
y ttria  and  oxides  related  to  it  were,  at  one  time,  thought  to  be  almost 
limited  to  certain  pegmatite-veins  running  in  a  broad  zone  on  both 
sides  of  the  60th  parallel  of  latitude.  Latterly,  fluocerite,  orthite, 
and  gadolinite  have  been  found  in  Daleoarlia ;  and  among  these 
minerals  Benedicks  discovered  a  silicate  of  yttrium  containing 
1*5  per  cent,  of  nitrogen  and  helium.  The  author  discovered  kaino- 
site,  a  silioo-carbonate  of  yttrium  and  calcium,  among  minerals  from 
Hittero ;  and  the  same  mineral  was  subsequently  discovered  in  the 
flucan,  fissures,  and  drusy  cavities  at  the  Nordmarken  mines.  The 
last-mentioned  discovery  and  others  related  to  it  appear  to  suggest 
that  the  mode  of  formation  of  fissure-minerals  is  not  so  unlike  that  of 
the  pegmatite- veins  of  the  Primary  rooks  as  is  generally  supposed. 

lliorium,  discovered  by  Berzelius  in  1829,  was  originally  obtained 
from  the  rich  mineral  locality  of  Langesund  (called  Brevig  in 
mineralogical  literature),  but  it  has  since  been  recorded  from  other 
localities,  including  Arendal  and  Finnish  Lapland.  It  is  now 
obtained  from  the  monazito-sand  of  rivers  in  the  Brazils  and  South 
Carolina.  Thorite  contains  about  *5  per  cent  of  inactive  gas, 
probably  a  mixture  of  nitrogen  and  helium ;  but  the  latter  element 
was  first  obtained  from  the  mineral  cleveito,  also  containing  thorium^ 
discovered  by  the  author  in  1877.    Other  mineTa\a\)QQ^ik^Ti\VtQ^TL^ 
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Bxgqm^  or  hdiiim  aie  rcfqirad  to ;  and  ader  the  hmA  of  jninflnb 
bearing  tantalum,  mention  ia  made  of  Qieaaefce'a  fiaooveiiea  m 
Onenbnd.  Among  these  ia  fargnaonit^i  one  of  the  riobeat  aomeas 
fatChertD  known  fbr  obtaining  thai  myatariooa  gM^  or  miztoio  ef 
guea,  whioh  on  our  planet  aeema  to  be  ahnoat  CGBoliHtfely  oonflwail 
to  minarala  oontuning  lare  euiha.  ''The  gnmp  of  eaith%  aa  waD 
aa  the  group  of  gaaea,  of  whioh  we  are  here  ipeakin^  in%ht 
therefore  be  oompioed  with  oertain  genera  among  otguiio  bemn 
whoae  apedeiy  having  not  ;^t  flilly  diflbrentiated*  ofRv  to  rae 
deaoriptiTe  aoologiat  or  botaniat  diffloaltiea  analogooa  to  thoae  wifli 
whioh  ohemiata  meet  in  endeavonring  to  aeparata  toe  rare  eartha  and 


IIL— April  25, 1900.-J.  J.  H.  Taall,  Eaq.,  1UL»  F.B&,  Frendent, 

in  theOhair. 
Tbe  Freaidenty  having  reqoeated  all  praaent  to  riae  ftom  flidr 
aeata,  read  the  following  reablntion  whidi  had  been  paaaed  man!* 
monalv  bj  the  Oonncil :  ''That  thia  Chmnoil  deaire  to  puoe  on  leoord 
their  deep  aenae  of  the  lose  whioh  both  aoienoe  and  literature  have 
snatainea  in  the  death  of  the  Duke  of  AigyU,  who  waa  the  oldart 
Bandying  paat-Preaident  of  the  Oeologioal  Sooie^  ;**  and  atated  that 
on  behalf  of  the  OonnoQ  he  propoaed  to  oommonioate  a  oopj  of  ^ 
resolation  to  the  Daoheaa  of  AxBrllt  oonpled  with  an  expreaaion  of 
lespeotfiil  ajmpathy. 

The  following  oommnnioationa  were  read : — 

!•  "  On  a  oomplete  Skeleton  of  an  Anomodont  Beptile  from  tiie 
Banter  Sandstone  of  Beichen,  near  Basel,  giving  new  Evidence  of 
the  Belation  of  the  Anomodontia  to  the  Monotremata."  By  Profeeaor 
H.  Q.  Seeley,  F.B.8.,  F.KS.,  V.P.Q.S. 

Thie  skeleton  was  originally  described  by  Wiedersheim  under  the 
name  of  Lahfrinthodon  BiUimeyeri  in  1878.  The  bonea  are  now 
differently  interpreted : 

The  reputed  hamerus  is  the  interclaviole. 
Boapula  is  the  humerus. 
Bupra-scapula  is  the  left  ooraooid. 
„  „        right  scapula, 

right  and  left  clavicles  are  the  ribs, 
right  and  left  coracoids  are  the  pre-ooraooid  and 
ooracoid  of  the  right  side. 

Five  digits  are  identified  in  place  of  four  in  1878.  Theae  osteo- 
logical  identifications  are  inconsistent  with  reference  of  the  type  to 
the  Labyrinthodontia,  and  it  is  accordingly  described  as  a  new  genus, 
which  is  placed  in  association  with  Procolophan  as  a  aeparata  family 
in  the  tribe  Procolophonia. 

The  author  discusses  various  views  which  have  been  expressed 
with  regard  to  the  position  of  the  Labyrintbodonts.  He  baa  already 
separated  these  animals  from  the  Amphibia  and  combined  them  with 
the  Ichthyosauria  in  a  group  of  reptiles  named  Gordylomorpha,  and 
he  enumerates  a  series  of  cbaracterB  which  constitute  so  close  a  link 
between  the  two  typea  '*tbal  \t  \a  noX.  ^w^^Sa.  Mda  abaenoe  of 
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«vidaiioe,  to  oonoeiYe  of  their  being  referred  to  diAneoi  olieeae  of 

^  Bat  if  the  order  Labyrinthodontia  is  transferred  to  the  Beptilia, 
H  le  then  manifeit  that  by  inolading  anoh  genera  as  BitmeUoMiirae 
and  Aftlmfifmaimnu^  in  which  gill-arohes  are  foand,  it  introdooet  into 
the  BeptQia  a  dbanoter  hitherto  unknown,  and  oommonly  regarded 
«8  Amphibian.  ...  If  the  osteology  of  an  ordinal  type  is 
Bqptilian,  it  oannot  be  placed  in  the  Amphibia,  becanse  two  or 
three  genera,  or  the  whole  group,  preserve  gill-arohes.  •  •  .  The 
Labyrinthodontia  may  or  may  not  be  a  homoseneons  snlndass  or 
order,  though  the  oiroumstanoe  that  many  writers  have  separated 
its  groups  on  different  principles,  and  into  a  varying  number  of 
orderly  is  some  evidence  that  it  includes  a  wide  range  in  oharaoter. 
«  •  .  In  no  part  of  the  skeleton  is  there  a  dose  correspondence 
between  living  Amphibia,  which  are  probably  unknown  before  the 
Tertiary  pericM,  and  the  extinct  Labyrinthodontia,  which  are  only 
known  with  certainty  in  the  Carboniferous,  Permian,  and  Triassio 
periods  of  time." 

''If  the  sub-orders  of  Labyrinthodontia  are  sub-orders  of  Beptilia 
«nd  not  of  Amphibia,  the  transition  which  Par^'afaumf  exhibits 
from  Labyrinth(>donts  to  Mammals  ceases  to  be  au  anomaly.'* 

'*  The  close  resemblance  of  form  of  the  bones  in  the  several  parts 
«f  the  skeleton  now  described  with  Monotremata  and  Anomodontia 
makes  the  border-line  between  Beptiles  and  Mammals  more  difficult 
to  define." 

The  fossil  is  identified  as  an  Anomodont  reptile,  chiefly  on  the 
basis  of  resemblance  to  'Procolof^Jion  and  Parda^awvM,  It  is  shown 
not  to  be  a  mammal  by  the  large  parietal  foramen,  the  composite 
structure  of  the  lower  jaw,  and  the  presence  of  the  pre-frontal  bone. 
It  differs  from  known  Anomodonts  in  making  a  somewhat  closer 
approximation  to  Monotreme  mammals  than  has  hitherto  been 
evident,  and  this  correspondence  extends  to  suocessive  segments  of 
both  the  fore-  and  hind-limbs. 

The  teeth  are  in  sockets  placed  obliquely,  with  conical  crowns 
compressed  to  sharp  lateral  margins,  and  curved  inward.  The 
proportions  of  the  vertebral  column  are  those  of  "Echidna^  though 
the  transverse  processes  are  longer,  as  in  Fartxanauru;^.  The  ribs 
are  like  those  of  a  Monotreme,  though  the  sacral  ribs  are  longer. 
The  shoulder-girdle  resembles  that  of  Procolophon,  and  differs  from 
typical  Anomodonts  in  the  constituent  bones  being  unanchylosed, 
and  in  the  pre-coraooid  having  a  large  anterior  extension  in  advance 
of  the  scapula.  The  sternum  appears  to  have  been  unossified,  as  in 
Crocodilia.  The  humerus  is  widely  expanded  at  both  extremities 
and  twisted,  but  does  not  show  the  peculiar  lateral  curvature  seen 
in  Monotremes.  The  ulna  gives  no  evidence  of  an  olecranon- 
process ;  it  is  larger  than  the  radius,  and  appears  to  articulate  with 
the  humerus.  The  pelvic  bones  are  without  acetabular  or  obturator 
perforations,  are  not  anchylosed  together,  and  the  ilium  is  not 
expanded  transversely.  The  hind-limb  is  no  larger  than  the  fore- 
limb.  The  femur  is  more  slender  than  the  similar  \>oik^  Vci  Eehx^twou 
The  fibnls  is  prolonged  proximally  beyond  ibe  alouV.  \9c\^  x^xnA 
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whioh  it  may  rotate.    The  proximal  row  of  the  tanoa  ia  <mm  laiga 
bone,  formed  of  the  blended  aatiagalna  and  oa  oaloii. 

In  oonolasion,  the  aathor  aigaea  that  the  pointa  of  atmotura  an 
80  few  in  whioh  Monotreme  mammala  make  a  oloaer  approzimatioii 
to  the  higher  mammals  than  is  seen  in  this  fbasil  and  other  Anomo* 
dontia,  that  the  Monotreme  resemblanoea  to  fossil  xeptilea  beoome 
increased  in  importance.  He  believes  that  a  group  Theropaida 
might  be  made  to  inolnde  Monotremata  and   Anbmodontia^  the 

Srinoipal  differences  (other  than  those  of  the  sknll)  being  that 
[onotremes  preserve  the  marsupial  bones  and  the  atlaa  vertebra. 
Ornithorhynehui  shows  pre-frontal  and  post*frontal  bones,  and  has 
the  malar  arch  formed  as  in  Anomodonts  and  some  other  reptilea. 

2.  ''  On  Longmyndian  Inliers  at  Old  Badnor  and  Hantley 
(GloQcestershire)."    By  Charles  Callaway,  M.A.,  D.Sa,  F.QA 

The  gprits,  with  some  associated  slaty  bands,  forming  a  ridge  near 
Old  Badnor  were  considered  by  Sir  Boderiok  Murohison  to  be  May 
Hill  Sandstone.  The  author  has  discovered  that  one  of  the  beda  of 
Woolhope  Limestone,  dipping  westward,  is  crowded  with  rounded 
and  angular  fragment  8  of  grit  bearing  a  general  resemblanoe  to  the 
arenaceous  parts  of  the  Old  Badnor  Group.  The  bedding  of  the 
grits  is  much  obscured  by  crushing,  and  the  rook  is  sometimes 
breociated.  Descriptions  of  microscopic  sections  of  the  rook  are 
given  in  the  paper,  and  the  specimens  are  grits,  the  materials  of 
whioh  are  mainly  derived  from  gneissic  and  igneous  rooks.  The 
unoonformity  of  the  grits  to  the  Woolhope  Limestone  Series,  and  the 
diBsimilarity  of  the  grits  to  the  May  Hill  Sandstones  of  Presteign 
are  the  chief  facts  relied  upon  by  the  author  to  establish  the  pre- 
Cambrian  age  of  the  Old  Kadnor  Series;  while  the  occurrence  of 
the  rocks  on  the  strike  of  the  Longmynd,  their  position  with  regard 
to  the  prolongation  of  the  Church  Stretton  Fault,  and  their  relations 
to  the  Ordovician  and  Silurian  rocks  of  the  area  are  in  favour  of 
a  comparison  with  the  Longmyndian  rocks.  The  lithologioal 
resemblances  between  the  Old  Badnor  Series  and  the  typical 
Longmyndian  are  very  well  marked.  Neither  the  rocks  of  the 
Old  Badnor  Series  nor  those  of  the  Woolhope  Series  are  affected 
by  any  metamorphic  change. 

The  grits  and  shaly  beds  of  Huntley  are  unlike  the  May  Hill 
Sandstones  of  that  district,  and  as  they  occur  along  the  axis  of  the 
anticline,  and  lithologically  resemble  the  rocks  of  the  Longmynd,  it 
is  highly  probable  that  they  also  are  of  Longmyndian  age. 

IV.— May  9,  1900.— J.  J.  H.  Teall,  Esq.,  M.A.,  F.RS.,  President, 
in  the  Chair.  The  following  communications  were  read : — 
1.  "The  Pliocene  Deposits  of  the  East  of  England.  Pt.  H: 
The  Crag  of  Essex  (Waltonian),  and  its  Belation  to  that  of  Suffolk 
and  Norfolk."  By  F.  W.  Harmer,  Esq.,  P.G.S.  With  a  Beport  on 
the  Inorganic  Constituents  of  the  Crag  by  Joseph  Lomas,  Esq.,  F.G.S. 

The  term  'Bed  Crag,'  including,  as  it  does,  beds  differing  con- 
siderably in  age,  is  vague,  and,  when  we  attempt  to  correlate  the 
East  Anglian  deposits  with  thoE^  oi  olVi^t  countries,  inoonvenient; 
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the  Soaldirian  zone  of  Belgiam,  for  example,  with  its  aoathem 
fauna,  represeiituig  one  part  of  it,  and  the  Amstelian  of  Holland, 
in  which  Arotic  ahells  are  oommon,  another.  While  retaining  the 
name  for  general  use,  therefore,  the  following  more  definite  dasai- 
fioation  of  its  varions  horizons,  and  of  those  of  the  English  Pliooen» 
generally,  is  proposed : — 


NEWER  PLIOCENE. 

CBOMBBIAir. 

So-called  Forait-bed  Series. 
Fresh-water  k  Estaaiine.) 
Zone  of  Bkphat  meridionali^. 

WxTBOVaHIAX. 

Weyboam  and  Belangh  Crag. 
2fone  of  Ttllma  balihiea. 
(Marine.) 

dULLMFOSDIAN. 

Chillesfoxd  Clay  and  Sand. 
Zone  of  Ltda  obhmgotd$9. 
(Estuarine.) 

loSKLAK. 

Norwich  Crag.    (Marine.) 

Northern  part : 

Zone  of  Attarts  bortalii. 
Southern  part: 

Zone  of  Maetra  tubtruneata. 

BuTLETAN                '  ^^  ^™^  °^  Butley  and  Bawdsey. 

1      Zone  ot  Cardium  ffrwnlandtcum. 

Amsteliax. 
Upper  part. 

Lower  part. 

Newbouknian. 

Red    Crag    of    Sutton,     Newboum, 
Waldringfield,  etc. 
Zone  of  Maetra  conatricta. 

1  Kcd  Crag  of  Bcutley  &  Tattingstono. 

Waltokian. 

Crag  of  Essex. 

Oakley  horizon : 
Zone  of  Maetra  obtruncata. 

Walton  horizon : 
Zone  of  Neptunaa  eontraria. 

POEDBRLIAK. 

SOALDISIAN. 

Zone    ^    Trophon 
antiquum  {Chryao- 
domus  eontraria). 

GSDOILAYZAN. 

Coralline  Crag. 

Zone  of  Tcctt'H  Gerardii, 

Castbrlian. 
Zone    a  Isoctirdia 
cor. 

OLDER  PLIOCENE. 

Lenbaxiak. 

Lenham  Beds. 
Zono  of  ^rra  diluvii. 

Boxstone  fauna. 

DlESTIAN. 

Ferruginous   sand- 
stones of  Diest. 

Waenrode  Beds. 

L 
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The  line  eepMratfaig  the  Older  and  Newer  Pliooene  b  now  dimwn 
by  the  author  between  the  Tienhatn  Beds,  oontaining  Area  dUmii 
imd  other  ohaiaoteristio  Miooene  qieoies  of  the  North  Sea  (or  of  the 
Italian  Pliooene),  and  the  OoralUne  Orag,  the  latter  being  ooneideied 
as  the  oldest  member  of  a  more  or  leaa  oontinaooa  and  oloaelj  eon- 
nected  series  of  Newer  Pliooene  age.  The  palsMmtologioal  diflmoee 
between  the  Coralline  and  Walton  Orags  is  alM>wn  to  be  leaa  than 
has  hitherto  been  supposed. 

The  upper  Crag  deposits  arrange  themselves  in  horinmtal  and 
not  in  vertical  seqiienoe,  assuming  always  a  more  boreal  and  mote 
reoent  oharaoter  as  they  are  traced  from  south  to  north.  They  ars 
the  littoral  aooumulations  of  a  sea  retreating,  not  oontinoonsly,  but 
at  intervals,  in  a  northerly  direction. 

A  new  horizon  of  the  Crag,  represented  by  some  beds  at  Little 
Oakley,  between  Walton  and  Harwich,  is  described,  indioating  the 
period,  before  the  southern  mollusoa  had  oommenoed  to  disappear, 
when  a  few  boreal  species  were  beginning  to  establish  themadvea  in 
greater  or  less  abundance  in  the  Anglo«Belgian  basin,  ntoogh 
hitherto  unnoticed,  the  fauna  of  this  locality  has  proved  to  be 
exceedingly  rich,  more  than  850  species  and  varieties  having  been 
there  obtamed,  from  a  seam  10  yurds  long  and  leas  than  2  feet  in 
average  thickness. 

The  three  divisions  of  the  Bed  Crag  now  proposed  (the  exaok 
position  of  the  Bentley  bed  not  having  been  ascertained  at  pxeeent), 
namely,  Waltonian,  ]Newboumian,  and  Butleyan,  are  distinguished 
alike  by  the  difference  of  their  faunas  and  by  the  position  which 
they  occupy.  The  first,  with  its  southern  shells,  is  confined  to  the 
county  of  Essex;  the  second,  containing  a  smaller  proportion  of 
southern  and  extinct,  and  a  larger  proportion  of  northern  and  reoent 
species,  occupies  the  district  between  the  Orwell  and  Deben,  and 
a  narrow  belt  of  land  to  the  east  of  the  latter  river ;  the  third,  in 
^'hich  Arctic  forms  such  as  Cardium  grcndandicum  are  common, 
18  found  only  farther  north  and  east  AH  these  beds  are  believed 
to  have  originated  in  shallow  and  landlocked  bays,  suooeasively 
occupied  by  the  Red  Crag  sea  as  it  retreated  northward,  which  wars 
silted  up,  one  after  the  other,  with  shelly  sand. 

The  Norwich  Crag  (Icenian)  occupies  an  area  entirely  distinct 
from  that  of  the  Red  Crag,  no  instance  being  known  where  the  one 
overlies  the  other  in  vertical  section ;  the  fauna  of  the  former  is, 
moreover,  more  boreal  and  comparatively  poor  in  species.  The 
Arctic  species,  Aatarie  borealis,  is  confined  to  the  northern  part  of 
the  Icenian  area;  its  introduction  seems  to  mark  a  stage  in  the 
continued  northerly  retreat  of  the  sea.  The  Icenian  deposits  thicken 
rapidly  northward  and  eastward,  and  are  believed  by  the  author 
to  constitute  part  of  the  great  delta-formation  of  the  Rhine. 

The  mammalian  remains  found  at  the  base  of  the  different  horizons 
of  the  Crag  in  a  remanie  bed,  containing  material  derived  from  various 
sources,  are  considered  to  be  also  derivative  from  deposits,  older 
than  the  Coralline  Crag,  formerly  existing  to  the  south. 

The  Chillesfordian  (estuarine)  andW'oyboumian  (marine)  deposits. 
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the  latter  dharaoteriied  by  the  Boddwi  appearance  in  the  Orag 
in  prodigiont  abnndanoe,  of  Tellina  balAieOf  represent  eeparate 
•la^oa  in  the  oontinaed  refrigeration  of  East  Anglia  daring  the 
Fliooene  period;  bat  the  so-oalled  ''Foveet-bed"  or  Cromierian 
(fraeh-wator  and  eatoarine)  with  its  ioathem  mammalia,  and  ita 
flora,  similar  to  that  of  Norfolk  at  the  present  day,  olearly  indioatea 
a  xetom  to  more  temperate  eonditions,  and  shoald  therefore  be 
separated  alike  fVom  the  Weyboam  Orag  on  the  one  hand,  and  from 
the  Loda  mjfalis  Sands  and  the  Arotio  frah-water  bed  of  Mr.  Clement 
Beid  on  the  other.  The  two  latter  seem  naturally  to  groap 
themselves  together,  and  with  the  Qlaoial  deposits. 

The  conditions  under  which  the  Bed  Crag  beds  originated  seem 
to  exist  at  the  present  dav  in  Holland,  where  sandy  material 
brought  down  by  riyers,  with  dead  shells  in  great  abundance  from 
the  adjacent  sea,  is  being  thrown  against  and  upon  the  coast, 
^inoipally  by  means  of  the  westeriy  winds  now  prsTalent  From 
meteorological  considerations,  it  seems  probable  that  strong  gales 
firom  the  east  may  have  prevailed  over  the  Crag  area  during  the 
latter  part  of  the  Pliocene  epoch.  No  other  explanation  of  the 
aoonmulation  of  such  vast  quantities  of  dead  shells  on  the  East 
Anglian  maigin  of  the  North  Sea  at  that  period  can  be  suggested. 
At  the  present  day,  the  eastern  shores  of  Norfolk  and  Suffolk  are^ 
almost  destitute  of  such  debris. 

Mr.  J.  Lomas,  in  his  Beport  on  the  Inorganic  Constituents  of 
the  Crag,  states  that  litbologioally  the  varioas  subdivisions  of  the 
Bed  Crag  are  the  same.  Differenoes  of  colour  may  be  traced  to 
definite  lines  of  flow  along  which  water  containing  ferruginoua 
matter  has  moved. 

Among  the  rarer  minerals  separated  out  by  high-density  flaids, 
zircon,  rutile,  oyanite,  ilmenite  with  leucoxene,  garnets,  andalusite, 
corundum,  tourmaline,  muscovite,  biotite,  glaiiconite,  orthoclase, 
labradorite,  albite,  and  miorocline  are  found.  In  the  heavy  fractions 
red  garnets  are  very  common.  Tourmaline  occurs  abundantly,  and 
includes  green,  blue,  yellow,  and  brown  varieties.  Muscovite  pre- 
dominates over  biotite,  and  often  includes  rounded  crystals  of 
zircon,  rutile,  etc.  Ferro-magnesian  minerals,  with  the  exception 
of  biotite,  are  absent  Glauconite  is  very  plentiful,  and  frequently 
retains  the  form  of  the  organisms  of  which  it  has  formed  casts. 

In  the  Norwich  Crag  the  same  minerals  are  present,  but  musco- 
vite is  found  in  excess.  The  Chillesford  Sands  differ  from  the  Crags 
only  in  the  absence  of  glauconite.  The  bulk  of  the  material  of  the 
beds  described  consists  of  well-rounded  grains  of  quartz,  seldom 
showing  traces  of  secondary  crystallization.  Flint  occurs  as  large 
pebbles,  and  fine  angular  chips  are  met  with  in  the  sands. 

2.  "  A  Description  of  the  Salt-Lake  of  Lamaca  in  the  Island  of 
Cyprus."    By  C.  V.  Bellamy,  Esq.,  F.G.S.,  Assoc.  M.  Inst  C.E. 

After  a  brief  description  of  the  general  geology  and  geography  of 
the  island  the  author  proceeds  to  deal  with  the  topography  of  the 
Lake,  which  occurs  in  a  basin  shut  off  from  the  sea,  its  d^«^^\  ^^dRX. 
being  about  10  feet  beiow  sea-ievel.    The  bamei  V>^lw^ii  SXi<^  ^i^- 
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lake  and  the  sea  ia  made  of  atiff  oaloaraoaa  dxtj  anodated 
xnaBsee  of  oonglomerate  reating  on  plaaiio  olay,  that  on  wataiy  mod, 
and  that  again  on  stiff  oaloareona  day.  The  aea-water  appean  to 
percolate  through  the  highest  depoaitSy  meeting  with  oheoks  in  the 
conglomerates,  and  thns  reaohee  the  basin  somewhat  alowly,  when 
it  is  evaporated  to  dryneaa  by  the  summer  heat  and  dqpodta  ita  salt 
Artificial  channels  have  been  made,  to  cany  the  flood- water  from  t^ 
land  direct  to  the  sea,  so  that  it  doea  not  dilute  the  brine  of  the 
lake.  The  rainfall  in  the  catchment-area  round  the  lake  is  at 
the  most  only  enough  to  supply  228  million  gaUons»  and  aa  the  lain 
^sontains  480  million  gallons  when  full,  the  balanoe  of  267  million 
gallons  must  be  deriTed  from  the  sea.  The  lake  is  probably  situated 
on  what  was  an  extensiTe  arm  of  the  sea  at  tne  doae  of  the 
Oainozoic  era.  The  salt*harvest  begins  in  August^  at  the  aenith  of 
summer  heat,  and  it  is  reported  that  a  single  heavy  shower  at  that 
time  of  year  suffices  to  ruin  it  Observations  are  given  on  the 
•density  of  the  water,  the  plants  and  animals  in  the  water,  and  die 
lake-shore  deposits. 


SHELLS  FBOM  POBTLANB  BUBBLE  DBIFT. 

Sib, — May  I  ask  a  few  lines  space  to  add  to  the  list  of  Land  and 
Presh-water  Shells  from  Portland  Bill  Rubble  Drift  recorded  in  my 
previous  letter  (Geol.  Mao.,  Deo.  IV,  Vol.  I,  1894,  p.  481). 

After  about  three  hours'  work  there  on  Feb.  2l8t  last  among  the 
numerous  shells  of  species  already  recorded,  I  found  the  following 
new  species :  Sielicella  itala,  2  specimens ;  Umnaa  truncaiula 
(dwarfed  variety),  4  specimens.  These  identifications  have  been 
kindly  endorsed  by  Mr.  Edgar  A.  Smith,  F.Z.S.,  of  the  Zoological 
Department,  British  Museum  (Natural  History). 

On  carefully  going  over  the  specimens  with  Mr.  B.,B.  Woodward 
and  Mr.  A.  Santer  Kennard,  two  other  species  must  be  recorded, 
viz.,  Helix,  sp.  (protoconch  of  an  indeterminable  species),  and 
JEygromia  rufescens  (Pennant).  The  relative  abundance  of  the 
species,  as  found  by  me,  is  as  under,  adding  previously  recorded 
finds  (Geol.  Mao.,  1894,  pp.  431,  432)  to  those  of  February  21  last 
(new  records  are  in  italics) : — 

JETeltcella  iiala  (Linn.) 

Hygromia  hispida  (Linn.)  ... 

Bygromia  rfifescena  (Pennant) 

Yallonia  pulohella  (Miill.)  ...         

JHfillA,    DLJ.  ...  ...  ...  ...  ... 

Pupa  muscorura  (Linn.) 

Succinea  oblonga,  Drap. 

LiDinaea  pereger  (Linn.) 

Limnaa  truneatvla  (Miill.) 

Pomatias  reflexus  (Linn.)  [=Cyolostomaelegan8  (Miill.)] 

Pisidium,  sp. 


2i 
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1 

»» 

10 

II 
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1 
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The  numbers  of  Sir  Joseph  Prestwich's  specimens  are  not  stated, 
but  the  above  table  is  probably  the  order  of  frequency  of  occurrence. 

Mr.  E.  R.  Sykes,  F.L.S.  (President  Conchological  Society),  has 
found  Z.  iruncatula  in  a  deposit  on  the  east  side  of  the  Isle  of 
Portland.  He  considers  this  latter  deposit  as  comparatively  recent, 
and  derived  from  a  marshy  tract  which  still  exists  south  of 
Southwell.  If  this  be  so  the  deposits  are  not  synchronous, 
inasmuch  as  the  geological  conditions  of  the  deposit  at  the  Bill 
are  well  defined  as  of  late  Pleistocene  age,  not  only  from  the 
atratigraphical  evidence,  but  from  the  abundant  occurrence  of  so 
•characteristic  a  Pleistocene  form  as  S,  ohlonga.  Mr.  Sykes  (Proc. 
Dorset  Field  Club,  vol.  xvi,  p.  171)  records  L.  iruncatula  from  the 
'  Bill '  deposit  On  referring  to  Prestwich's  paper  on  the  raised 
beaches  (Q.J.G.S.,  vol.  xlviii,  1892,  p.  278)  Z.  Iruncatula  is 
determined  from  the  occurrence  of  opercula  only.  Probably  Bythinia 
ientaeulata  is  meant,  as  it  occurs  also  at  Chesilton  at  the  north -west 
of  Portland,  and  is  an  operculate  mollusc,  whereas  Limnma  is 
non-operculate  (Reeve,  "British  Land  and  Fresh-water  Mollusca," 
1863,  p.  154).  This  inadvertence  may  be  a  lapsus  calami,  either  on 
the  part  of  our  author  or  of  Dr.  Gwyn  Jeffreys,  who  generally 
determined  doubtful  or  critical  species  for  him. 

Limnaa  truncattUa  is  therefore  still  a  new  record  from  this 
interesting  Pleistocene  deposit.  R.  Ashimgton  Bullkn. 

AxELAKD,  Surrey. 

THE   CENOMANIAN   OF   BAIIAUIA   OASIS,   EGYPT. 

Sir, — I  have  to  thank  Dr.  Max  Blanckenhorn  for  his  letter  in 
the  Geol,  Mag.,  April,  1900,  p.  192,  disclainiing  to  have  himself 
"  discovered  the  existence  of  rocks  of  Cenomanian  age  in  Baharia 
Oasis."  As  Dr.  Blanckenhorn  maintains  that  he  cannot  be  held 
responsible  for  the  abstract  report  which  appeared  in  the  Zeitschrift 
far  prakttfche  Geologie^  I  should  like  to  point  out  that  the  copy  of 
this  abstract  report  was  sent  to  the  Survey  by  Dr.  Blanckenhorn 
himself,  and  although  it  contained  numerous  corrections  in  ink  of 
the  type  matter,  the  paragraph  to  which  exception  was  taken,  and 
which  I  quoted  in  my  letter  of  December  7,  1899,  was  not  in 
any  way  corrected  or  explained ;  I  could  therefore  only  come  to 
one  conclusion. 

As  1  have  already  stated  my  opinion  as  to  the  age  of  the  series  of 
beds  under  discussion,  both  in  my  letter  of  December  7,  1899 
(Geol.  Mag.,  January,  1900),  and  in  a  paper  read  before  the  Cairo 
Scientific  Society  in  October,  1899,  it  is  not  necessary  to  discuss 
Dr.  Blanckenhorn's  assertion  that  I  did  not  "  know  the  meaning  " 
of  the  fossils  collected,  especially  as  this  has  nothing  to  do  with  the 
question  in  dispute.  Moreover,  as  the  examination  of  these  fossils 
has  not  yet  been  completed  by  the  palasontologists  of  the  British 
Museum,  the  exact  horizon  or  horizons  to  which  they  should  be 
referred  cannot  possibly  be  indicated  with  certainty. 

Cairo,  Apnl  14,  1900.  HuGU  J.  L.  Beadnell. 
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QEORQE    HIQHFIELD    MORTON,    F.Q.S. 
B<ttir  JvLT  0,  1826.  Dm  Mams  M,  UOO. 

QwoEam  IL  Hobtoh,  the  well-known  Lanoashire  geologul»  «a§ 
bom  in  Liverpool  in  1826,  and  ednoated  at  the  HeahanioaT  InatitBle 
in  thai  oity.  From  a  ohild  he  was  interattad  in  geology,  and 
at  16  yean  of  age  he  oommenoed  to  ibnn  ft  ooHeotion  of  &irili, 
aome  AmraoniteB»  obtained  at  thai  timey  having  fint  ezoited  hia 
intereat  He  alao  puTohaaed,  and  read  with  eameatneaa,  an  aitide 
entitled  ''The  Mineral  Kingdom**  in  Knight'a  ''Stora  of  Know- 
ledge,'* and  ''The  Bomanoe  of  Geology  '*  in  " Ohambera'  If  iaoeUany." 
Other  worka  of  more  importance  were  obtained  and  diligently 
atndied.  In  thoae  daya  textbooka  on  aoientifio  anlgeota  were  few  m 
nnmber^  and  there  were  no  aoienoe  olaaaea  in  Liverpool  whioh  yonng 
Morton  oonld  attend.  He  continued  to  ooUeot  mineiala,  xodka,  fonikt 
and  riiella,  whioh  he  named  at  the  Boyal  Inatitation,  LiveipodL 

In  1846  Morton  examined  the  Boalder-day  at  X^pranumt*  aad 
the  New  Bed  Sandstone  qoarriea  at  Storeton  with  their  wonderftd 
footprints  of  Ckeiroiherium  and  other  reptilea  (m  the  alaba  of  r^ls* 
marked  sandstone.  In  1847  he  visited  Holywell,  where  he  obtainsci 
a  few  Oarboniferous  fossils.  In  later  years  he  winked  at  and 
desoribed  this  formation  in  great  detaiL  He  oontribated  hia  flist 
paper  of  importance  to  the  Literary  and  Philosophkal  Sooielj  of 
Liverpool  in  1866,  "  On  the  Subdivisions  of  the  New  Bed  Sandatons 
between  the  Biver  Dee  and  the  rise  of  the  Coal-meaanvea  east  of 
LiverpooL"  He  also  oontributed  papers  to  the  British  Assooiatbor 
the  Geological  Society  of  London,  etc.  In  1864  he  was  appointed 
Lecturer  on  Geology  at  Queen's  College,  Liverpool,  where  he  tanght 
successfully  for  several  years. 

Most  of  Mr.  Morton's  published  papers  relate  to  home  geology  or 
to  the  Carboniferous  Limestone  of  North  Wales.  His  "  Gtoology  of 
the  Country  around  Liverpool  "  was  published  in  1863,  and  a  aeoond 
edition  appeared  in  1891.  This  work  contains  all  hia  previous 
writings  on  local  geology.  An  appendix  was  added  in  1897,  giving 
the  results  of  constant  and  careful  observations  in  the  field  esLtending 
over  fifty  years. 

Mr.  G.  H.  Morton  was  a  member  of  numerous  scientifio  aooieties, 
and  founded  the  Liverpool  Geological  Society  in  1859.  He  was 
elected  a  Fellow  of  the  Geological  Society  of  London  in  181^,  and 
in  1892  was  awarded  the  Lyell  Medal  by  the  Council  in  reoogpiition 
of  his  long  and  meritorious  services  to  geology  in  the  work  whidi 
he  had  done  around  Liverpool,  especially  for  Uie  knowledge  of  the 
Triassic  and  other  strata  of  that  district 

"  The  Geology  of  the  Country  around  Shelve,"  "  The  Garbonifeions 
Limestone  of  North  Wales,"  and  "The  Country  around  Llandudno,'* 
the  last-named  read  before  the  Geological  Society  of  London,  vrell 
illustrate  the  earnest  and  careful  labours  of  Mr.  Morton's  long  and 
well-spent  life.  He  passed  away  very  peacefully  on  the  SOth  March 
in  his  74th  year. 
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L — Colonel  Feildvn's  Contbibutioms  to  Glacial  Geology. 

By  Profeasor  T.  G.  Boxnbt,  D.Sc.,  LL.D.,  F.R.S. 

IN  1877  and  the  following  year  Colonel  H.  W.  Feilden  pabliahed 
the  results  of  his  soientific  investigations  on  the  ooasts  of  Smith 
Sound  and  the  channel  to  the  north.^     In  1896  he  made  contri- 
butions to  the  geology  of  Kolguev,  Waigats,  and  Novaya  Zemlya  in 
two  other  papers.^   These  are  reprinted,  together  with  one  previously 
unpublished,  in  the  appendix  to  Mr.  U.  J.  Pearson's  book,  "  Beyond 
Petsora  Eastward  "  (1899).     As  the  earlier  work  appears  to  have 
been  forgotten  by  some  writers  upon  glacial  subjects,  and  the  last- 
named  might  very  easily  escape  their  notice,  I  urged  Colonel  Feilden 
to  give  a  summary  of  his  chief  results  in  some  generally  accessible 
periodical.     Shortly  afterwards,  on  being  unexpectedly  called  away 
for  service  in  South  Africa,  he  requested  me  to  undertake  the  task. 
For  the  sake  of  brevity,  1  restrict  myself  mainly  to  the  investigations 
which  throw  light  on  the  formation  of  Boulder-clay  and  its  associated 
sands  and  gravels,  because  these  establish  two  points  :  (1)  that  such 
deposits  are  sometimes  formed  beneath  the  sea ;  (2)  that  the  land  in 
these  Arctic  regions  has  been  elevated,  in   places  not  less   than 
a  thousand  feet,  since  either  some  time  in  or  the  close  of  the  Glacial 
epoch.      I  draw  especial  attention  to  these  points,  because  I  have 
noticed  in  certain  writings  a  tendency  to  take  it  for  granted  that 
Boulder-clays  can  only  be  the  leavings  of  an  ice-sheet  upon  the  land, 
and  to  treat  the  idea  of  any  such  important  change  of  level  as  an  hypo- 
thesis so  improbable  as  to  be  practically  impossible.     Hence  I  shall 
pass  over  sundry  important  observations  which  show  that  projecting 
rocks  can  be  scratched,  polished,  and  even  rounded  by  the  action  of 
floating  ice,  and  shall  not  enter  upon  *^  the  literature  of  the  subject," 
for  it  is  of  Colonel  Feilden*s  work  alone  that  I  am  concerned  to  give 
a  summary.     So,  after  remarking  that  he  more  than  once  calls 
attention  to  the  amount  of  debris  seen  on  floating  ice,^  I  proceed  to 
the  observations  bearing  on  these  two  points,  not,  however,  arranging 
them  under  the  separate  heads,  but  giving  them  in  geographical 
order. 

»  Ann.  &  Mag.  Nat.  Hist.,   ser.  iv,  vol.    xx  (1877),  p.  489;   Quart.  Journ. 
Geol.  Soc.,  vol.  xxxiv  (1878),  p.  656.     See  also  Nares*  "  Voyage  to  Polar  Sea.*' 
«  Quart.  Journ.  Geol.  Soc.,  vol.  lii  (1896),  pp.  62,  721. 
3  "  Beyond  Petsora,*'  pp.  250,  269,  270. 
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A.  6rnaaDlxm4,6f0L^--Bmw«Jbia«lNiiidaiifc«i^^ 

''part  of  the  land  mud  1)ie  Nocth  1^  hM  ben  afesbid  If 
ft  moremeiit  of  opheftTtl  nnibe  dMio  wat'anj  ■obridaBOft.''  That 
ftetoment  it  jostifiad  by  the  fiiUowiog  cbeermftioBe: — (•)  IkagmiAi 
of  moUnaoft  end  emtioe  ere  eisettered  over  monntam  fape  end 
elerated  plefteene.  (ft)  Termiiiftl  moreinee  of  enoient  glecief^  ooe* 
teining  mmieroiie  marino  mollaaoai  are  Ibmd  above  the  pnaMi 
aea-leveL  (e)  Baiaed  beaohe%  with  lemaina  of  aueh  leollnena  ml 
with  erratice  atnuided  on  their  tope  end  elopee^  ooonr  tier  ebove  tiar 
with  great  regularity.  They  appear  to  be  feemMBl  up  to  aboit 
iOO  feet  above  aea-ievel»  end  the  moet  elevated  mentUMied  ie  at 
about  1,000  feet^  It  connate  of  a  elay  oontaining  ioe-eoratehad 
erratioe,  with  Mjfa  inmeata^  Saxieava  rwgota,  AaimrU  ioreoKa,  end 
PeetM  OrmnkuidicuB.  A  aimilar  depoeit  frith  the  eano  foaeila  aba 
oooore  here*  jnat  above  aea-level ;  the  bitter  roeting  on  ■andetonii  of 
Miocene  ege,  the  former  on  Asoio  elatee.  Colonel  FleOdea  «laa 
mentione  a  platean  at  800  fbet,  in  which  eome  remaina  of  J^ 
Imecala  were  found.  Oonifenraa  wood,  etill  retaining  lAa  bneyaaay 
and  jaet  like  that  etranded  on  the  ezieting  coeetline^  wee  fiinid  "at 
elevatione  of  eeveral  hundred  feety**  and  **  there  vrae  no  evidenoe  in 
the  mud  beds  of  Grinnell  Land  to  encourage  the  idea  that  any  e( 
theee  treea  had  grown  in  tihu**  * 

B.  AreUc  Urortaay.— With  thia  region  Colonel  VmUma  baa  dealt 
briefly,  beoanee,  aa  he  aaya,  numerooa  obeervere  have  already  called 
littention  to  the  raiaed  beaohea  containing  marine  aheUa  and  the 
wave-marka  on  ioe-wom  oraga  high  above-  eea-level,  ao  that  the  fiMSt 
of  a  general  glaciation,  followed  by  aome  aabmergenoe,  and  that  by 
conaiderable  elevation,  can  hardly  be  disputed.^  Bat  he  mentiooe 
more  particularly  a  conBpicQoas  terrace  on  the  mainland  oppoaite  to 
Tromso,  at  the  mouth  of  a  valley  about  a  quarter  of  a  mue  wide^ 
which  la  continued  north  and  south  along  the  preaent  coastline^ 
its  base  being  a  few  feet  above  preaent  high-water  mark.  In  1894 
a  good  section  of  this  terrace,  some  20  feet  in  height,  was  expoeed. 
''From  base  to  summit  it  is  a  homogeneous  maaa  of  Uae  oKay, 
with  boulders  and  stones  interspersed  throughout"  Theee  are  ice* 
scratched,  and  '*  mollusca  are  abundant  throughout  the  bed.  Cyprma 
hlandica  and  Pecten  hlandieus,  partially  retaining  their  colour,  are 
common,  likewise  stones  to  which  the  'bases'  of  a  ^olonvt  are 
attached."  He  also  cites  Professor  A.  Nevrton  and  Mr.  Hudleaton 
as  having  found  in  the  Varanger  Fjord,  not  far  from  Yadao,  the 
bones  of  a  whale,  about  50  feet  above  high-water  mark  and 
200  yards  from  the  shore,  which  they  deemed  to  have  been  stranded 
in  old  times."  Colonel  Feilden  himself  found  on  Yardo  a  marine 
sand  deposit,  some  40  to  60  feet  above  sea-level,  in  which  he 
collected  bones  of  Halichcerua  gryphus  (grey  seal),  Phoca  hiipida 

^  Ann.  &  Mag.  Nat.  Hist.,  ut  snpr^,  p.  483. 

*  In  Watercourse  Bay,  GrinnoU  Land,  lat.  8l**44'N. 

'  (|uart.  Journ.  Gool.  Soc,  vol.  xxxiv  (1878),  p.  656  ;  Xores,  ut  supriL,  p.  327. 

*  A  number  of  instances  from  different  parts  of    Scandinayia   are    died   by 
J.  F.  Campbell :  "  Frost  and  Fire/'  vol.  i,  p.  861. 
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(the  ringed  seal),  and   OaduB  morrAtia,  with  Bucdnwn  undalum^ 
Modiola  modioluB,  and  Peeien  hlandieus. 

C.  Tke  Kola  Peninsula, — ^The  coast  scenery  is  bold,  bat  the  hills 
inland  seem  planed  down  to  a  general  level,  the  highest  summita 
apparently  rising  to  500  or  600  feet.  In  bays  and  indentations 
immense  raised  beaches  are  noticeable,  especially  to  the  westward 
of  Cape  Ohemi.  A  ''remarkable  and  prevailing  feature  of  thd 
country  is  the  vast  namber  of  erratic  blocks  spread  over  it  in  every 
direction."  '  These  are  of  local  origin,  so  that  they  cannot  be  the 
leavings  of  a  circumpolar  ice-sheet  Mr.  F.  G.  Jackson  is  quoted  as 
having  observed  raised  beaches  and  coniferons  wood,  proving  an 
elevation  of  something  like  250  feet  eastward  of  the  estuary  of  the 
Petsora  river. 

D.  Kolguev  Island. — ^This  lies  about  50  miles  away  from  the  main- 
land of  Europe,  and  130  miles  south-west  of  the  nearest  part  of 
Novaya  Zemlya;  the  depth  of  the  sea  in  the  one  case  not  being 
greater  than  30  fathoms,  in  the  other  probably  70  fathoms.  It  is 
oval  in  shape,  and  about  the  area  of  Norfolk,  being  apparently 
**  a  vast  accumulation  of  glacio-marine  beds." '  The  highest  gronnd 
in  the  island  is  about  250  feet  above  sea-level,  but  the  shore-line  19 
often  formed  by  low  cliffs  of  a  bluish-grey  clay,  not  exceeding  60  to 
70  feet  in  height ;  the  island  becomes  flatter  towards  the  south-west, 
and  there  a  considerable  district  is  overlain  by  sea-sand.  The 
ground  is  furrowed  by  ravines,  often  rather  short,  which  have  been 
cut  by  rivulets  and  afford  sections  of  the  clay,  their  beds  being 
strewn  with  stones  and  boulders  derived  from  it.  These  vary  in 
form  from  angular  to  rounded  and  polished,  a  large  proportion 
being  ice- scratched.  "  The  medley  of  rocks  represented  is  remark- 
able— granites  and  gneisses,  limestones  Silurian  and  Carboniferous, 
grits,  quartzites,  porphyries,  etc. ;  they  vary  in  size  from  walnuts  to 
large  dimensions.^  They  do  not  exhibit  the  slightest  tendency  to 
form  lines  of  horizontal  deposit  in  the  clay,"  the  matrix  of  which 
shows  no  signs  of  stratification  or  of  disturbance.  "  My  opinion  is, 
that  all  have  been  dropped  from  floating  ice  intermittently  and 
tranquilly  ....  Not  unfrequently  the  clays  pass  into  horizons 
of  a  more  sandy  composition,  although  so  insensibly  that  the 
alteration  is  evidenced  more  by  the  change  in  colour  than  by  any 
definite  lines  of  demarcation."  Deposit  has  been  continuous  ;  there 
are  no  beds  of  gravel  traversing  the  clays  as  in  Grinnell  Land  and  at 
Smith  Sound,  where  the  horizons  of  clay,  sand,  and  gravel  are  often 
distinctly  defined.  No  drift-wood  occurs  ;  the  remains  of  mollusca 
are  not  common,  and  for  the  most  part  fragmentary.  The  following 
were  obtained  :  Natica  offinta,  fragments  ofgasteropod  {Sipho*^  sp.), 
Saxicava  arctica,  Astarte  compressa  and  horealiSy  My  a  arenaria,  and 
fragments  of  Mya,  sp.     The  clay,  Colonel  Feilden  remarks,  is  not 

^  Some  peculiarities  in  their  distribution  arc  mentioned,  but  on  these  it  \a  leedless 
to  dwell. 

^  No  rock  of  greater  solidity  was  anywhere  seen  in  sifu. 

^  One,  of  a  liard  yellow  sandstone,  polished,  scored,  and  striated,  measuMd 
15  X  9x6  feet. 
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in  Sootlaiid,  bat  nther  retemUai  the  BoaUar-dns  of  tka  Ti 
eoaft  and  the  Chalky  BonUflrKday  of  Notfalk.^    Ha 

a  g^aoio-marine  depoait^  not  tbat  of  an  inoaheal,  and  ■■ 

oonditkma  similar  to  thoaa  wfaioh  at  praaont  aziafc  im  Bteoote  Bn.' 

E.  WaiffoU  Idawi. — Thia  ia  amnt  aizty  milna  m  imgtk  i 

iiraDty  in  biaadtlL    Ita  ridgea  probably  in  no  oaaa  aoBoaed  fiOftri^ 
and,  aa  a  role,  aie  mnoh  lowar.    Spaoimeoa  ^wijf^^fltfij  ^  ^j^g 
aant:  limeatonaa,  aometimea  dolomitio;  aigillito  and  amuu 

focfo  pariiapa  oompaot  baaio  igneooa  lodka  nMidiilaa  by  ( ^ 

Hie  mt-named  liear  a  general  reaemblanoe  to  aooM  of  Im  GMo2- 
linoaa  limeatonea  of  Britain,  and  oontain  fmmninifiBni  Hhinh 
their  identification  highly  probable.*    The  Talkya  and  tronri 

filled  by  olay  and  aand,  moatly  the  fi>nner,  irfiioh  la  of  tlia 

ehamoter  aa  that  now  forming  under  water  in  the  faqra  and  aioaait 
ita  ahorea.     Theae  depoiita  at  Gape  Ifafinaela  eroead  100  feat  ia 
thiokneaa.    They  were  followed  for  aerend  mika  on  both  aidataf 
the  Gape,  forming  low  hiUa  50  to  100  feet  in  hi^^  along  the  oatffc 
(the  reaolt  of  denodation).  Where  examined,  thflpyahowod  no  dafiailt 
aigns  of  atratifioatbn,  and  oontained  large  ioe-pdliAod  boaUai;* 
in  flMSt,  they  reaemble  the  Kolgaev  olay.     No  ahella  of  mariaa 
mollnaoa  were  found  in  them,  but  aamplea  anbmitted  to  Mi:  Joanh 
Wright  oontained  foraminifera  and  aponge  apionlei^  the  latter  \a 
abnndanoe.    ''Theae  Hatinaela  beda  paaa  by  almoat  inqiemntihb 
gradationa  into  the  grey  marine  olay,  with  ahella  of  leoent  nudlinoi^ 
thai  now  forms  the  aarfaoe  of  the  preeent  tundra  land."    Hut  ii 
rioh  in  foraminifera,  and  is  the  most  widely  dispersed  depoait,  for  it 
is  spread  over  the  tundra  land  of  Arctic  Russia,  over  Waigata,  aod 
over  Novaya  Zemlya  np  to  an  altitude  of  at  least  500  feet,  alwajt 
forming  the  surface  layer.    "  Precisely  the  same  clay  oomea  up  ia 
the  dnSge  or  on  the  flukes  of  the  anchor  in  the  Straits  of  Yngov,  in 
Dolga  Bay,  and  other  anchorages    on    the   coasts    of  Waigats." 
Colonel  Feilden  also  calls  attention  to  the  effects  of  floating  ioe  in 
smoothing,  polishing,  and  scoring  projecting  rocks,  and  in  thrustiiig 
np  mounds  of  gravel  "  many  feet  beyond  tide  line,  both  here^  and  in 
Novaya  Zemlya."  * 

F.  Novaya  Zemlya. — Colonel  Feilden  landed  at  places  on  the  west 
coast  of  the  southern  island,  on  the  east  coast  of  the  northern  one  as 
far  as  Pachtussoff  Island,  and  in  Matynshin  Sbar,  the  dividing  strait. 
On  Gk)oseland  and  the  islands  in  Eostin  Shar,  deposits  of  Boulder- 
clay  lie  in  their  undulations  and  hollows,  a  depth  of  20  feet 
being  shown.    The  day  was  of  the  same  colour  aa  the  rook  on 

1  See  '*  Beyond  Petsora,"  pp.  238,  239,  for  a  note  on  the  compoeitioii  of  tiie 
Eolguey  deposiU. 

*  Ut  Buprii,  pp.  279,  280.  Silurian  and  possibly  Lower  Deronian  rocki  ooeor  at 
Cape  Greben,  at  the  soutli  end  of  the  island ;  see  E.  T.  Newton,  pp.  287-294. 

s  The  following  specimens  were  taken  ^m  erratics :  granite  (three  Tarieties), 
felspathic  grit  (three  varieties),  limestone  (two  Tarieties,  one  shown  by  fossili  to  be 
CarDoniferous  or  possibly  Devonian  in  age) ;  fragment  of  a  guard  of  a  belemnite, 
probably  Jurassic ;  lignite,  probably  not  earlier  than  Tertiary  age. 

*  Ut  suprA,  pp.  270,  271. 
»  Ut  Bupik,  pp.  249-264. 
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rbioh  it  rests ;  the  incladed  stones  were  angular  fragments  of  that 
ook ;  none  were  roanded  or  ioe-scratched.  In  many  places  it  is 
'  foil  of  shells  of  marine  mollusoa,  Saxicava  arctica  predominating, 
hoogh  I  found  other  species  common  enough.  In  some  localities 
»ne  might  gather  these  shells  by  the  bushel,  few  of  them  broken, 
lever  triturated,  and  in  some  cases  the  two  valves  are  in  oontaof 
itaised  beaches  were  observed  in  all  the  above-named  parts  of 
iTovaya  Zemlya,  but  more  particular  descriptions  are  given  of  those 
ironnd  Beluga  Bay  in  the  Matyushin  Shar,  and  on  the  eastern  outlet 
if  that  strait  The  beaches,  four  or  five  in  number,  rise  one  above 
he  other  in  a  series  of  terraoes  with  broad  level  surfaces,  separated 
>y  slopes  of  about  100  feet  in  height,  the  most  elevated  being  about 
100  feet  above  present  sea-level.  Sections  have  been  cut  in  them 
»y  streams,  which  disclosed  accumulations  of  shells,  chiefly  Saxieava 
ireiica  and  Astarte  horealis.  **  The  100-foot  terrace  has  a  common 
origin  with  a  series  of  outliers  in  the  shape  of  rounded  hills  and 
iminences,  now  detached  to  some  distance  from  the  line  of  terrace 
.ad  bordering  the  present  sea-shore.  A  section  in  one  showed  it  to 
>e  composed  of  the  same  materials,  viz.,  rounded  stones,  sand, 
xkd  gravel."  At  elevations  up  to  1,000  feet  on  the  hillsides 
K>nnding  the  Matyushin  Shar,  Colonel  Feilden  came  across  ''  patches 
•f  rounded  waterwom  pebbles,  that  seemed  to  be  remnants  of  still 
oftier  sea  beaches,"  but  they  were  so  overwhelmed  by  the  screes 
ailing  from  the  upper  parts  of  the  mountains,  that  they  could  not  be 
raced  very  far  in  a  horizontal  direction. 

Mr.  Joseph  Wright,  F.G.S.,  has  written  a  most  valuable  report 
>n  the  foraminifera  from  these  deposits  in  Novaya  Zemlya  and 
Yaigats  Island.  The  samples  of  clay,  twenty-six  in  number,  twelve 
rem  various  parts  of  the  Cape  Matinsela  terraces,  averaged  about 
1^  oz.  from  each  locality.  It  may  suffice  to  give  a  brief  abstract  of 
he  general  results,  referring  the  reader  to  the  report^  for  particulars. 
n  Waigats  Island,  clay  or  mud  with  shells  at  60  feet  elevation 
rem  four  localities  yielded  foraminifera :  one,  two  genera  ;  another, 
hree  ;  a  third,  three  genera ;  individuals  in  all  cases  being  rare ; 
)ut  the  fourth  locality  afforded  8  genera  and  14  species,  four  of 
hese  being  common,  besides  frequent  sponge  spicules.^  Clay  with 
hells,  100  feet  elevation,  gave  6  genera  and  9  species,  only  one 
)f  them  common.  Eleven  small  samples  from  the  terraces  and 
leposits  of  Cape  Matinsela,  which  rise  to  the  height  of  150  feet, 
urnished  only  two  foraminifera,  of  the  same  number  of  genera, 
)ut  sponge  spicules  were  very  common.  On  the  Eussian  mainland, 
lear  Habarova,  clay  with  shells,  forming  the  surface  soil  of  the 
undra,  at  25  feet  elevation,  contained  9  genera  and  13  species, 
ax  of  them  common,  besides  frequent  sponge  spicules  and  very 
lumerous  ostracods.  From  the  same  neighbourhood,  clay  with 
hells  at  50  feet  elevation  afforded  3  genera  and  4  species.  The 
pecimens  from  Matyushin  Shar,  Novaya  Zemlya,  gave  the  following 
esults: — East  side  of  Beluga  Bay,  100-foot  terrace,  3  genera  and 

*  Ut  supri,  pp.  297-310. 

'  In  the  remainder  of  this  summary,  the  omission  of  any  atatemenl  m^;v\!A  ^^  t»^«"* 


qieoias;  two opaiiiiig*  in  •  temne^  eompoMJ  of  a attt  jdDoir  ebgr,' 
$i  aboot  the  Mine  deration,  allbrded  in  one  omo  one  conni^  in  tt» 
other  two  genenL  Claj  end  eend  ftom  n  teimoe  180  ftet  faif^ 
eontainefl  7  geDem»  18  apeoiast  with  one  anadinen  of  en  oolnaod 
end  e  ftw  aponge  apjonlaa.  ERiell  bad,  baiongnig  to  Oe  800  fat 
jfind  beda  of  Beloge  My,  bat  three  milee  inland,  imntMiied  n  grat 

rf oaion  of  foraminifere,  many  of  them  being  Lnge  in  ue  aad 
fine  pieeeifation.  They  repraeented  16  genem  end  84  apaaJM 
A  Terr  few  ediinoa  apinea  elao  ooonrrad.  CDey  with  eheDe  Abb 
Ae  500-fi)ot  ternKM  oontained  10  genera  and  84  ^eeie^  twcbi 
being  oommon,  and  half  of  theae  eatimeted  aa  makfaig  op  betweaa 
them  840  apedmena,  all  the  reat  together  emonnting  to  7& 
Oatraooda  were  rare,  ediinoa  apinea  mora  ebnndent^  the  apedmeei 
being  large.  The  laat  aample  oomea  from  Hamdeaa  Bey,  weet  oo«t 
ef  NoTaya  Zemlya  proper,  260  feet  eleration.  In  it  foraminifaa 
were  abandant,  nnmbering  8  general  18  apedee.  To  enm  np  ia 
Mr.  Wright* a  worda :— <'  foraminifera  ooonrrad  in  ell  •  .  .  .  ; 
in  nine  of  them  they  were  Tory  rare  or  rare^  in  one  of  them  th^ 
were  plentiful,  in  the  other  fi^e  they  were  in  greet  profinaioo. 
Sponge  anionlea  in  a  aomewhat  fragmentary  atete  wece  fimnd  ia 
nearly  all  of  them,  and  oatraooda  and  apinee  of  eohinodoma  ia 
aerenL^  ....  Nearly  all  the  atonee  whioh  ooonrrad  in  the 
daya  were  more  or  leaa  rounded,  and  preaented  the  eppearanea 
of  haTing  been  worn  by  marine  notion ;  in  a  few  oeeoa  they  weia 
amoothed  and  atriated,  aa  if  by  the  action  of  ioe.  The  oonditioei 
nnder  which  theae  olaya  were  depoaited  must  have  been  "very 
Taried,  as  in  some  of  them  foraminifera  are  abundant,  whilst  in 
others  they  are  extremely  rare.  When  they  are  abundant  it  may 
be  inferred  that  the  days  were  laid  down  in  quiet  water  or  in 
aheltered  bays,  and  not  subjected  to  the  rapid  running  of  ourrenta  or 
tides ;  and  when  they  are  few  it  may  be  presumed  that  the  reveise 
was  the  case." 

In  this  summary  I  have  restricted  myself  to  Colonel  Fdlden's 
observations  of  facts,  excluding  inferences,  except  in  one  or  two 
oases  where  they  express  the  impression  produced  by  the  general 
aspect  of  a  deposit,  which,  from  an  experienced  observer,  baa  almost 
an  equal  value.  I  may,  however,  add  that  he  saw  no  reaaon  for 
attributing  any  of  the  deposits  on  the  low  islands  or  the  mainland 
tundra  to  the  action  of  a  great  polar  ice-sheet  As  Novaya  Zemlya, 
at  least  in  the  centre  and  north,  is  mountainous,  the  summits  rising 
to  not  less  than  4,000  feet  above  sea-level,  it  must  have  alwaya  been 
a  nucleus  of  outflowing  ice,'  so  that  the  materials  of  its  terraoea 
cannot  have  made  a  subglacial  journey  uphill  from  the  bed  of  the 
aea.  Such  an  hypothesis  would  be  more  than  ever  improbable  in 
the  narrow  strait  of  Matyushin  8har. 

>  A  fow  samples  of  the  mnd  of  the  sea-bed  were  collected  and  examined.  They 
were  found  to  correspond  generally  -with  the  above-named. 

'  The  interior  of  Liitke  Lana  at  the  present  day  is  co?ered  with  ioe  which 
probably  forms  a  single  sheet,  *<  similar  to  that  enveloping  Greenland,  bat  on 
a  smaller  scale." — Pearson  in  "  Beyond  Petsora,*'  p.  150. 
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E  order  in  whioh  the  Tarioos  minenl  oomtitae&iiof  an  ignoons 
rook  may  orjatallise  oot  from  an  ignaooa  magma  oflera  to  the 
doffist  a  problem  of  great  diffioalty  and  oomplesity.  It  la 
raUy  admitted  that  the  order  of  oonaoUdation  ia  not  wholly 
mined  by  the  order  of  the  fonon-pointa  of  the  oonititaentiiy 
with  thia  admission  the  fusion-points  hsTe  oome  to  be  ooh- 
itly  disregarded,  as  thoog^  they  might  safely  be  left  oat  off 
mt  That  this  is  not  the  ease  haa  of  late  become  atxonj^ 
eased  upon  me,  espeoially  alter  a  oonsideration  of  the  important 
obtained  by  Mr.  Balph  Cusaok,  B.A.,^  who»  by  meana  of 
sasor  Jdy's  meldometinry  has  determined  ttie  precise  temperature 
non  of  moat  of  the  rook-forming  minerala. 
the  following  table  I  have  arranged  the  more  important  of  the 
nJa  in  question  in  the  order  of  their  fosion-pointSi  aa  determined 
[r.  Cnsack. 

Funoar  Ponrr. 

i    :::  ?SSS^^-  i^La^}  iw8-toi2w. 

a       ...    ISeS*'  to  1878^,  wftons  Albita  ...  1172^. 

tt  1842^0.  Microdine  ...  1169°. 

ie       ...    1298°.  Adnliria  ...  liei'^ioUW. 

;ite      ...     1296^  Spbeno  ...  1127**to  1142<». 

dorite...     1223°  to  1236».  SodaUte  ...  1127°toll33^ 

0  ...     1221°  to  1227°.  Nepheline  ...  1069°  to  1078°. 

for  the  moment  we  disregard  quartz,  there  is  seen  to  be  on  the 
e  a  general  oorrespondence  between  the  order  of  fusion-points 
he  order  of  consolidation ;  but  this  is  by  no  means  constant, 
is  subject  to  several  important  exceptions.  Zircon  is  well 
^n  as  a  very  early  product  of  most  magmas,  and  this  accords 
the  very  high  temperature  of  its  fusion-point  Apatite  and 
le,  however,  often  appear  earlier  than  their  fusion-point  would 
ate.  Olivine,  with  the  highest  fusion-point  among  Uie  silicates, 
usually  crystallizes  out  at  an  early  stage,  though  not  always 
e  leuoite,  of  whioh  the  fusion-point  is  lower  by  100^  0.  It 
le  that  petrographers  are  not  wholly  agreed  as  to  the  relation 
bich  leucite  stands  to  olivine  in  this  respect,  but  the  balance 
ideuce  appears  to  show  that  both  may  crystallize  out  together, 
at  leucite  may  actually  precede  olivine.  It  is  of  importance 
•tice  in  connection  with  this  that  the  leucite  and  olivine  on 

1  Mr.  Cusack  experimented  were  both  derived  from  Yesuvian 
;  had  this  not  been  the  case  the  argument  might  have  been 

'iiined  that  the  particular  species  of  these  minerals  which  enter 
he  composition  of  the  lavas  of  Vesuvius  may  di£fer  in  chemical 
osition  from  those  of  which  the  fusion-points  have  been  deter- 
1,  and  therefore  may  di£fer  also  in  fusion-point      Enstatite 

1  Proc.  Roy.  Iiish  Aead.,  ser.  ni,  toI.  It,  p.  ill  (1897V 
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oooapias  •  poriftm  in  tfaa  oidar  of  oomolidatfon  oorwuwnJing  with 
thftt  of  the  order  of  fiuuon*  Sunflarlj  lebndoritOi  widi  a  Tiutah 
point  between  enstetite  and  ugiteb  ntnallj  follows  enalatfte  nd 
preeedee  aogite  in  order  of  oonaolidation.  That  it  ia  «a  •  lok 
eztrioated  from  the  magma  befoie  angite^  ia  iHnafarated  hj  Ai 
fireqnent  oooorrenoe  of  ophitio  atraotore  in  dderite.  Alhtte  fbaai  |t 
m  lower  temperature  than  angite^  and  naoaUy  eryatalljiea  after  it 

It  would  be  nataral  to  aappoae  that  the  apeoiea  of  iidapar  inia^ 
mediate  with  labradoiite  and  albite  in  oompoaition  wooU  be 
also  intermediate  aa  resards  their  fdaion-pointi,  and  if  aob  Ab 
irr^gularitieB  whioh  diBtmgaiah  the  aoooeanon  of  plagioolaaa  aad 
pyroxene  might  find  an  explanation  in  the  fiMit  uiat  tha  ftiaHNi* 

C)int  of  aogite  stands  almost  midway  between  that  of  albite  aad 
bradorite. 

The  potaah  felspars  hsTe  a  lower  fosion-point  than  albitOi  aal 
as  is  well  known,  generally  snooeed  it  in  order  of  oonsolidathML 

The  order  of  fusion  of  orthoolsse,  sodalite,  and  nepheline  ii 
repeated  in  the  order  of  oonsolidation  of  dieae  minerala  in  nepheUne 
basanite ;  but  an  anomaly  is  presented  in  the  oase  of  some  examphi 
of  leleolite  syenite,  in  whicdi  nepheline  and  leooite  prem* 
orthoolase  in  order  of  oonsolidaiion.  To  this  allusion  will  bi  male 
later.  The  moat  important  exoeption  to  the  mle  that  the  sirdar 
of  fusion  oorresponds  to  the  order  of  oonsolidation  ia  afforded  hj 
quartz,  whioh  wiUi  a  fusion-point  of  l^ifi^  orystalliaea  later  thsa 
orthoolase  with  a  fusion-point  of  only  1164^~1168^,  An  explanatioB, 
howoTor,  may  be  found  for  this,  and  if  admitted  may  throw  light 
on  some  other  inversions  of  the  rule.  The  statement  of  Zirkel  will, 
I  think,  be  generally  conceded.  "A  mineral  may  crystallise  out 
from  the  molten  silicate-magma  at  the  most  various  temperatures^ 
naturally,  however,  never  above  its  own  fusion  point"  ^ 

The  fact  to  be  explained  therefore  in  the  case  before  ns  is  the 
oonsolidation  of  quartz  at  a  temperature  below  the  fusion-point  of 
orthoolase,  i.e.  at  least  260^  below  its  own  fusion-point  In  the  report 
of  the  meeting  of  the  British  Association  for  1882  will  be  found  an 
account  of  some  experiments  made  by  Mr.  Hunter  for  a  committee  of 
the  Association  (p.  239).  Some  chemically  pure  silica,  "  prepared  by 
precipitation  from  sodium  silicate  with  hydrochloric  acid,  evaporation 
to  dryness,  thorough  washing,  and  subsequent  ignition,  was  plaoed  in 
a  sealed  iron-tube  and  heated  with  water  to  300^  C.  for  two  days. 
At  the  conclusion  of  the  experiment  the  impalpable  powder  of  silioa 
was  found  to  have  caked  together  into  k  white  opaque  granular 
mass."  It  consisted  of  anhydrous  silica,  as  was  proved  by  ohemioal 
investigation.  The  results  of  an  examination  which  I  made  under 
the  microscope  were  as  follows: — "It  was  found  to  have  passed 
into  a  state  of  glass.  The  glass  is  transparent  and  colourless  and 
hard  enough  to  scratch  ordinary  window  glass ;  it  is,  however,  filled 
with  innumerable  oval  and  tubular  cavities,  so  as  to  resemble  pumice, 
and  it  is  to  them  that  it  owes  its  whiteness  and  opacity  when  seen 
by  the  unassisted  eye." 

^  Zirkel :  <'Lehrbnch  der  Petrograpbie,*'  1893,  toI.  i,  p.  728. 
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These  facts  prove  that  in  the  presence  of  water  anhjdroas  silica 

18  rendered  fluid  at  a  temperature  so  low  as  300^  G.     Whether  or  not 

under  these  circumstances  water  enters  into  its  constitution  is  not 

known,  but  after  consolidation  it  consists  of  truly  anhydrous  silica 

(Si  0|),  though  in  a  state  of  glass. 

That  water  is  associated  with  the  quartz  of  granite  and  other 
plutonic  rocks  is  well  known,  for  this  mineral  is  the  chief  home 
of  fluid  cavities,  which  recall  those  described  in  the  glassy  silica 
of  Mr.  Hunter's  experiment,  though  in  the  quartz  of  igneous  rocks 
they  are  relatively  far  less  abundant  The  old  explanation  of  the 
late  consolidation  of  quartz,  which  rested  on  the  suggestion  that 
.solution  played  as  important  a  part  as  fusion  in  contributing  to  the 
fluidity  of  igneous  magmas,  is  to  a  certain  extent  thus  supported  by 
experimental  evidence.  The  mistake  of  the  older  school  of  petrologists 
lay  in  attributing  too  subordinate  a  role  to  fusion,  which  we  now 
know  plays  the  chief  part ;  but  in  making  this  nearer  approach  to 
the  truth  there  seems  to  me  a  possibility  that  we  may  have  fallen 
into  the  other  extreme  of  neglecting  to  take  into  consideration  the 
influence  of  water,  which  may  have  played  an  important  though 
minor  part.  If  this  can  be  shown  to  be  tlie  case  we  shall  be  provided 
with  an  explanation  of  anomalies,  which  hitherto  have  resisted  all 
analysis.  To  return  to  the  case  of  eeleolite  syenite,  examples  are 
known  of  this  rock  in  which  the  several  minerals  have  crystallized 
out  in  the  order  of  their  fusion-points  ;  on  the  other  hand,  examples 
can  as  certainly  be  cited  in  which  this  order  has  been  reversed,  so 
that  sodalite  has  followed  asleolite  ;  aeleolite,  orthoclase  ;  and 
orthoclase,  plagioclase  felspar. 

No  satisfactory  explanation  has  yet  been  oifered  of  this  and 
numerous  similar  cases,  but  if  the  order  which  follows  that  of  the 
fusion-points  be  looked  upon  as  the  normal,  our  task  will  be 
simplified,  since  it  will  be  reduced  to  finding  special  explanations 
of  particular  cases.  It  is  possible  that  these  explanations  will  not 
always  be  of  the  same  nature,  and  I  do  not  propose  now  to  enter 
into  a  detailed  study  of  this  question,  but  I  may  perhaps  be  allowed 
to  point  out  that  several  hypotheses  would  appear  to  be  excluded. 
The  influence  of  the  chemical  constitution  of  the  magma  is  sometimes 
alluded  to  in  general  terms,  though  rarely  analyzed  in  detail.  That 
it  must  be  very  limited  in  its  application  is  suggested  by  the 
experiment  of  Fouque  and  Levy,  in  which  they  showed  that  in 
the  case  of  two  fused  mixtures,  one  consisting  of  equal  parts  of 
anorthite  and  augite  and  the  other  with  twice  as  much  anorthite  as 
augite,  the  order  of  consolidation  was  the  same  for  both,  the 
anorthite,  as  might  have  been  expected  from  its  higher  fusion- 
point,  crystallizing  out  in  both  cases  before  the  augite.  Change 
of  pressure  is  sometimes  invoked,  and  considering  the  very  large 
reduction  in  volume  which  accompanies  the  consolidation  of  fused 
silicates  this  might  naturally  be  supposed  to  have  some  effect.  If, 
however,  such  were  the  case  some  law  should  be  found  distinguishing 
the  order  of  consolidation  of  minerals  in  a  plutonic  magma  from  that 
in  a  volcanic  flow  ;   but  hitherto  no  coustaut  diS^i^TiG^  \i\\&  \i^^\i 
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difocrrared.    The  eflEeoto  of 'miztnn' luiEfe  abo 
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look.    But  as  a  general  explanation  thia  adnMadfy  oai 
maintained. 

-  Ko  doabt  diffloolties  will  alio  be  fonnd  to  attend  aaj  ailamft  t» 
explain  anomaliee  by  the  pretenoe  of  water^  bnt  it  atipeaia  to  ai 
that  the  attempt  is  worth  saggestiog.  Tlie  pidfalflB  oa  it  mm 
presents  itself  is  to  show  why  oertain  minerals  leCain  Hm  llnd  sUi 
at  a  temperatare  below,  often  far  below,  that  of  the  foBOft-poiat: 
thus,  in  the  oase  of  some  examples  of  nleolite  syenite  tto  qoeslioi  ii 
why  plagioolase  felspar  oiystalfiaed  oot  at  a  lower  tempentne  Am 
orthoolase,  orthoolase  at  a  lower  temperatare  than  aodaHlOb  and  ooddils 
than  mleolite.  Can  this  be  doe  to  tiie  effeota  of  indlndad  water?  Tb 
answer  tbii  question  defioitely  might  not  be  diffioolt  fay  means  of 
experiment  The  determination  of  the  fturion-pointo  Imnnff  ben 
aoeomplished,  the  next  step  that  awaits  ns  is  the  ddeimlastlns 
of  the  temperatures  at  which  the  minerals  in  qaestjon  aysldBM 
from  eolation.  An  inTestigation  in  thia  direotion  oonld  not  fail  t» 
give  interesting  results. 

In  oonoloeion,  it  may  be  pointed  out  that  the  resnlto  deAnitilj 
obtained  in  the  esse  of  quartz  indicate  that  the  tempemtoie  ef 
oonsolidation  of  granite  might  naturally  be  expeoted  to  be  bslov 
that  of  dolerite.  The  quarts  of  grsnite  hM  eonaolidated  st 
a  temperature  below  that  of  orthodase  and  d  fortiori  below  thrt 
of  plagioclaae  and  pyroxene.  The  temperatures  of  fusion  of  theie 
two  rocks,  ns  observed  in  the  laboratory,  stand  in  iuTorse  ordor  to 
the  temperatures  at  which  they  consolidate  in  nature,  owing  to  the 
fact  that  in  the  case  of  fusion  by  artificial  means  water  plays 
no  part. 


III. — A  WoBD  ON  Gkologioal  Htfothssu. 
By  Professor  H.  Macaulat  Pgsnbtt,  LL.D.,  etc. 

^<  a  CIENTIFIC  men,"  said  Professor  Thomas  H.  Huxley,*  "  eet  an 
O  awkward  habit — no,  I  won't  call  it  that,  for  it  is  a  Tiduable 
habit — of  believing  nothing  unless  there  is  evidence  for  it ;  and  they 
have  a  way  of  looking  upon  belief  which  is  not  based  upon  evidenoei 
not  only  as  illogical,  but  as  immoral." 

Quite  so.  There  is  no  higher  conception  of  truth — the  most 
exact  knowledge  attainable  at  the  given  time  and  place — no  nobler 
practice  of  truthfulness — the  unflinching  utterance  of  the  most  exact 
knowledge  we  possess — than  our  best  men  of  science  oonstantly 
display.  And  it  is  just  because  they  are  the  world's  highert 
guardians  of  truth,  the  world's  noblest  exponents  of  truthfulneas, 
that  our  men  of  science  are  boynd  by  the  laws  of  their  order  to 
set  the  study  of  facts  before  the  acceptance  or  retention  of  any 
theory,  to  expose  in  the  clearest  light  any  weak  points  in  reasoning 
tbat  on  the  whole  receives  their  approval,  to  boldly  dwell  upon  the 

^  '*  Science  and  Hebrew  Tradition,*'  p.  65. 


JPr0imr  JST.  M.  Pomett—On  Giohgieal  EfpUhmk.     99» 

bjpothetiaal  chamoter  of  eroiy  hypotheils  they  mfdeii  mid  nerer  ta 
MTe  hyiwthent  or  usamption  to  the  tardy  diaooTeiy  of  thoae  who 
itody  thttr  worln. 

There  may  indeed  haTe  been  a  time  when  theological  dogmatiim 
waa  atrong  enough  to  proToke  a  lort  of  aoientifio  dogmatism  by  way 
of  oonnterpoiae.  But  neither  Geology  nor  any  other  power  m  the 
ephere  of  popokr  thought  oan  now  rettrict  the  freedom  of  aoientifio 
dSaooveiy  or  teaching  in  the  British  Empire,  Soienoe  nowadays  oan 
well  affi>rd  to  point  oat  her  own  shortoomings^  and  oan  do  so  better 
than  any  of  hnr  foes.  To  some  of  these  shortoomings  it  is  my 
proaent  purpose  to  refer. 

1.  Our  geological  textbooks  sometimes  show  too  mndh  eagerness 
to  impart  the  results  of  disooTcry  or  hypothesis  without  any  adequate 
statement  of  the  facts  or  the  reasoning  upon  which  theee  disooyeries 
and  hypotheses  rest.  Evidences  are  always  the  primary,  never  the 
aeoonaaiy,  material  of  science  as  a  body  of  more  or  less  probable 
tmths.  Evidences,  therefore,  are  very  improperly  handled  when  they 
pre  relegated  to  a  secondary  place.  If,  for  example,  a  geological 
writer  aocepts  the  theory  of  the  origin  of  hot  springs  as  due  to  the 
psoape  of  subterraneous  gases,  it  is  his  duty  not  merely  to  state  the 
theory  but  to  add  the  evidences  for  and  against  its  truUi.  We  may 
be  told  that  makers  of  textbooks  have  not  sufficient  space  for  the 
statement  of  evidences,  but  the  answer  is  plain :  either  do  not  put 
forward  the  theory  at  all,  or  give  as  fully  as  possible  what  must 
always  be  of  higher  value — the  facts  upon  which  the  theory  rests. 

2.  Many  of  our  scientifio  manuals  suggest,  without  positively 
claiming,  a  degree  of  foreknowledge  that  is  not  really  as  yet  within 
our  reach.  An  experience  in  New  Zealand  will  illustrate  the  sort 
of  claim  I  have  in  mind.  Shortly  after  the  Tarawera  eruption  of 
June,  1886,  some  professors  of  science  proceeded  to  the  Rotorua 
district  and  there  held  a  Maori  meeting.  The  Maoris  were  told 
that,  the  lines  of  volcanic  energy  having  such  and  such  directions, 
they  need  entertain  no  fears  of  a  recurrence  of  the  late  disaster — 
"they  might  plant  their  kumeras  (sweet  potatoes)  in  peace." 
Hereupon  an  old  Maori  chief,  with  the  usual  sagacity  of  his  race, 
rose  and  remarked,  <'  If  the  volcano-doctors  know  so  much  about 
what  is  to  be,  what  a  pity  it  was  they  did  not  come  and  forewarn 
ns  of  the  eruption."  Needless  to  say,  the  '  volcano-doctors '  had  no 
reply ;  and  in  our  civilized  views  of  volcanic  forces  it  would  be  far 
better  to  own  ignorance  than  to  even  hint  a  claim  to  foresight  where 
it  does  not  as  yet  exist.  It  is  worth  adding  that,  not  very  far  from 
the  Botorua  district,  in  the  now  famous  goldfields  of  the  Thames,  an 
eminent  but  dogmatic  and  hasty  geologist  many  years  ago  prophesied 
that  no  gold  could  there  ever  be  found. 

3.  The  points  at  which  geological  study  touches  other  sciences 
and  needs  their  aid  are  too  frequently  obscured,  understated,  or 
even  completely  omitted  in  some  geological  textbooks.  I  have  now 
before  me  a  textbook  written  by  a  very  able  geologist.  I  open 
it  at  the  chapter  entitled  ''  The  Earliest  Conditions  of  the  Globe." 
Here  I  find  a  lucid  statement  of  the  Nebulae  'S.^^o\Xi<b«y& — 'W^* 


300     Pr<(ftw^  E.  jr.  PomM—On  QmOagmal  HupMrnik. 

tmaooompanied  by  anv  detail  of  tlM  grrands  upon  wUeh  flmft 
hypothesis  rests— -ana  of  the  aooepted  periods  of  the  geokgiosl 
reoord ;  but  not  a  word  about  the  astnmomer^s  theoiy  of  dis 
diminishing  Telodty  of  the  earth's  rotation  prodnoed  by  tidal  fHotioab 
not  a  word  on  the  important  bearing  of  this  theory  on  the  primsij 
geologioal  problein,  the  age  of  the  earth. 

I  onoose  this  example— the  time  problem— beeanse  there  ue  oHmt 
soienoes  dependent  for  the  settlement  of  this  problem  on  Hm  joint 
labours  of  geologist^  astronomer,  and  physioist,  and  my  azaanls 
therefore  illnstniteB  the  paramoant  importonoe  of  snoh  joint  atad^. 
"  The  biologist/'  said  Professor  Huxley/  ''  knows  nothing  whatefsr 
of  the  amount  of  time  which  may  be  required  for  the  proesas  of 

evolution A  biologist  hss  no  means  of  arriving  at  any 

condusion  as  to  the  amount  of  time  whidh  may  be  needed  fbr 
a  oertain  quantity  of  oiganio  change.  He  takes  his  time  feom  ths 
geologist' 

This  interdependenoe  of  soientifio  studies  must  be  fully  reoogniisd 
hj  the  geologist,  both  for  his  own  sake  and  for  the  sake  of  othsHi 
He  oannot  i^oid  to  ignore  any  knowledge  possessed  by  ainf  olhsr 
scienoe  if  that  knowledge  has  an  important  bearing  on  hia  own 
punuits.  Always  he  must  be  ready  to  learn  from  astrononsry 
physioist,  chemist ;  and  though  to  the  last  of  these  three  he  hsi 
been  generally  willing  to  aoknowledge  his  many  obligmtions— 
obligations  likely  to  be  increased  in  the  near  ftiture — he  has  bat  tos 
often  displayed  a  desire  to  avoid  the  physical  and  astronomiod 
aspects  of  geological  science.  If  I  am  told  that  I  am  asking  too 
much  from  the  geologist — making  him  a  kind  of  universal  genial 
like  the  ideal  poet  described  in  Johnson's  "Rasselas" — I  reply, 
'<  Nothing  of  the  sort ;  I  am  merely  insisting  upon  the  absoluts 
necessity  that  any  first-rate  geological  discoverer  or  teacher  shsll 
keep  steadily  in  view  the  points  at  which  other  sciences  msy 
increase  his  light,  and  never  rest  satisfied  with  either  his  disooveriss 
or  his  teaching  until  he  has  assured  himself  that  he  has  borrowed 
whatever  light  they  can  at  present  afford  him." 

4.  Sir  Archibald  Geikie'  reminds  us  that  the  various  processes 
of  geological  changes  occurring  at  the  present  day ''  gain  enormously 
in  interest  for  the  student  of  nature  when  he  reflects  that  in  watching 
the  geological  operations  of  the  present  day  he  is  brought  face  to 
face  with  the  same  instruments  whereby  the  very  framework  of  the 
continents  has  been  piled  up  and  sculptured  into  the  present  out- 
lines of  mountain,  valley,  and  plain." 

Quite  so.  The  hypothesis  of  the  unchanging  laws  of  nature  may 
not  only  be  regarded  ps  the  geological  postulate,  but  as  the  postulate 
of  all  science  as  at  present  conceived.  We  are  fully  justified,  too» 
in  assuming,  e.g.,  that  the  facts  summarized  by  what  we  call  the  law 
of  gravitation  have  been  as  we  know  them  for  a  vast  period  of 
time.  But  we  can  lose  nothing  by  candidly  admitting  the  hypo- 
thetical character  of  even  this  great  postulate  of  all  scienoe,  and 

*  "  Science  and  Hebrew  Tradition,"  pp.  134,  136. 
'  Class- Book  of  Geology,  p.  299. 
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the  possibility  that  new  knowledge  may  ultimately  modify  the 
principle  as  at  present  held.  To  keep  an  open  door  for  all  increase 
of  knowledge  cannot  but  aid  the  cause  of  scientific  progress.  Only 
the  survival  of  dogmatism  beyond  the  conditions  that  gave  it  birth 
and  the  need  of  dogmatic  teaching  in  our  schools  and  colleges  can 
account  for  the  continued  readiness  of  some  men  of  science  to  repeat 
the  old  watchword,  '<  It  cannot  be  conceived.'' 

Let  me  illustrate  my  meaning  by  an  anecdote.  At  Takapuna, 
near  Auckland,  is  a  fresh-water  lake,  nearly  at  sea-level,  regarded 
by  popular  theory  as  the  crater  of  an  extinct  volcano.  Here,  one 
day,  discussing  the  origin  of  the  lake  with  some  Auckland  University 
students,  I  was  asked,  *'  Has  the  earth's  water-envelope  been  greater 
or  less  in  past  ages?  Are  we  justified  in  assuming  the  relative 
conditions  of  land  and  water  to  have  been  in  the  past  as  they  are 
now  ?  May  not  both  the  igneous  and  the  aqueous  forces  observed 
by  our  geologists  differ  both  in  degree  and  kind  from  the  similar 
forces  of  a  primitive  age  ?  "  And  led  on  by  these  questions  we  soon 
Tentured  upon  all  sorts  of  heterodoxy,  drew  imaginary  pictures  of 
an  evolution  of  water,  of  air,  of  combustion,  until  we  at  last  came  to 
a  conclusion  that  nature  had  intended  us  for  the  founders  of  a  new 
■oience  which  was  to  be  named  "The  biology  of  the  elements  ancient 
and  modem." 

Twelve  years  have  elapsed  since  our  ideal  conversation,  and 
physicists  need  not  be  reminded  of  certain  signs  now  visible  on  the 
horizon  of  knowledge  which  seem  to  dimly  foreshadow  the  partial 
realization  of  our  Takapuna  dreams.  But  it  is  not  my  present 
purpose  to  discuss  new  physical  hypotheses ;  it  is  merely  to  say 
what  I  then  said  to  our  Auckland  students :  **  There  is  no  finality  ii> 
any  hypothesis  or  law  of  science,  and  for  this  reason,  if  for  no 
other,  it  is  the  duty  of  every  man  of  science  to  plainly  state  every 
assumption  on  which  his  science  rests,  and  to  put  these  statements 
not  in  out-of-the-way  corners,  but  in  the  very  front  of  his  scientific 
teaching  or  writing."  How  much  the  advance  of  discovery  could  be 
aided  by  the  student's  early  acquaintance  with  the  hypothetical  and 
provisional  character  of  his  principles — by  the  constant  reminder  of 
an  open  door  for  new  observations  and  new  inferences — none  but 
those  who  hold  exaggerated  views  of  the  need  of  dogmatic  teaching 
for  the  young  will  fail  to  perceive. 

The  dogmatism  of  some  geological  textbooks  deserves  the  more 
severe  censure  because  there  are  no  textbooks  of  science  moro 
eagerly  read  by  that  omnivorous  person,  *  the  general  reader  * — none, 
consequently,  more  likely,  if  they  contain  loose  thinking,  to  diffuse 
unscientific  thought  under  the  name  of  science.  For  your  '  general 
reader,'  be  it  noted,  is  almost  as  intolerant  of  hypothesis,  plainly 
stated  as  such,  as  an  ancient  Hebrew  would  have  been  if  his  rulers 
bad  boldly  told  him,  "These  useful  changes  in  your  barbarous 
customs  we  assume  to  be  the  will  of  a  divine  Lawgiver,  because  we 
know  that  you  will  not  accept  the  improvement  unless  it  comes  to 
you  through  the  door  of  this  fiction."  But  rational  faith  in  hypo- 
thesis— i.e.  faith  ready  at  any  moment  to  accept  ue\7  Vl\iov9\<^^^^  ^\A 
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to  modify  the  hypothesis  aooordingly — is  just  the  essential  quality  of 
«  truly  soientifio  mind,  jast  the  quality  that  the  'general  reader/ 
with  his  eternal  haste  for  generalization  and  his  eternal  zeal  for 
dogma,  oan  never  understand. 

"  For  such  the  story  of  the  race — 

Chance  oft  has  found  what  System  lost ; 
For  System  claims  too  high  a  place, 
And  oft  too  high  a  price  has  cost.*' 

5.  There  are  other  directions  in  whioh  the  candid  statement  of 
hypotheses  oan  only  minister  to  the  real  strength  and  interest  of 
geological  science.  The  various  classifications  of  rooks,  for  example, 
lose  none  of  their  value  by  being  openly  reduced  to  their  true  level 
of  tentative  work,  instead  of  aping  a  '  natural '  origin.  Botanical 
and  zoological  systems  of  classification  can  lose  nothing  by  the  same 
straightforwardness.  But  there  is  another  aspect  in  whioh  the 
deficiencies  of  our  geological  textbooks  disclose  themselves. 

The  historical  study  of  geology  may  not  at  first  sight  appear 
a  fruitful  field  for  research.  A  science  comparatively  young  seems 
40  possess  as  yet  but  little  history,  though  this  fact  should  by  no 
means  excuse  the  total  absence  of  any  sketch  of  such  history  in 
almost  all  textbooks  of  geology.  But  though  geology,  under  its  own 
name  and  working  by  scientific  methods,  is  of  such  recent  origin, 
geological  thinking  of  some  sort  is  found  all  over  the  world  and  in 
all  the  literatures  of  the  world  from  the  earliest  times.  When,  for 
example,  Hebrews  described  their  God  as  "moulding  mountains'* 
or  "cleaving  the  earth  with  rivers,"  as  "putting  forth  his  hand 
upon  the  flint"  or  "breaking  down  the  rocks,"  it  is  clear  that 
the  geologists*  earth  -  sculpture  was  being  observed,  though  very 
differently  explained,  by  these  primitive  thinkers. 

If  it  be  said  that  such  primitive  thinking  is  not  nowadays  worth 
our  study,  I  answer  that  even  our  wisest  men  of  science  are  liable 
to  gross  blunders  if  they  neglect  such  historical  work.  Professor 
Huxley,  for  example,  in  his  "  Physiography,"  not  long  ago  confused 
the  modem  theory  of  atmospheric  circulation  with  the  ancient 
thought  of  that  Hebrew  writer  who  speaks  of  the  rivers  "  returning 
to  the  place  from  whence  they  come."  The  author  of  "  Ecclesiastes," 
as  I  have  elsewhere  proved,  was  referring  to  an  entirely  different  kind 
of  water-circulation  by  which  ancient  Hebrew  thought  accounted 
for  the  origin  of  springs  as  an  outlet  of  their  "  waters  beneath  the 
earth,"  waters  upon  which  they  conceived  their  earth  to  rest.  If  it 
were  for  no  other  purpose  than  to  guard  ourselves  against  a  \vild 
confusion  of  modern  with  ancient  thinking,  we  must  study  primitive 
geology  as  expressed  or  implied  in  the  writings  of  ancient  times. 
A  fascinating  study,  this  primitive  geology,  but  needing  not  only 
patient  research  but  also  large  linguistic  knowledge.  Yet  I  see 
no  reason  why  our  handbooks  of  the  future  should  not  contain 
botli  a  brief  history  of  geology  as  a  science  and  an  outline  of  the 
hoi^innings  of  thought  on  geological  subjects,  alike  in  ancient 
literatures  and  in  uncivilized  peoples  now  living. 
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'  IV. — ^WooDWASDiAH  Mussux  NoTiB :  8ALnB*s  TJvDmmnaB^ 

By  F.  B.  CowFBE  Bsny,  ILA.y  F.G.S. 
(PLATE  XII.) 

IN  the  ''Gaftalogae  of  the  Cambrian  and  Silarian  Fouili  in  ihei 
Woodwardiaa  Mnaeam/*  compiled  by  J.  W.  Salter*  F.Gil.,  and 
published  in  1873,  many  new  ipeoifio  names  ocoarp  in  some  oaiea 
aooompanied  by  a  few  words  of  description,  bat  frequently  by  none 
at  alL  Although  several  of  these  species  have  been  described  by 
snbseqaent  writers,  there  yet  remains  a  laige  number  which  are  only 
known  by  their  names,  some  of  which  have  found  their  way  into 
geological  literature.  It  therefore  seemed  desirable  to  rescue  these 
forms  from  their  present  unstable  position,  and  to  issue  a  detailed 
aocount  of  their  charsoters  to  avoid  future  confusion.  The  original 
specimens  are  in  the  Woodwardian  Museum,  and  though  in  many 
inBtanoes  they  are  in  a  poor  state  of  preservation,  renderiug  the 
precise  and  minute  diagnosis  of  the  species  difficult,  yet  the  sub-, 
sequent  acquisition  of  further  specimens  of  the  same  forms  haa 
enabled  me  to  make  the  descriptions  more  complete. 

TBILOBITA. 

OI.KHI78  (8.0.  Pababolinklla)  Plamti,  Salter.     (PL  XII,  Hg.  1.)  ] 

1873.    Olmut  ItmiHi,  Salter :  Cat.  Camb.  SiL  Foas.  Woodw. Moi.,  p.  11  («  272). 
1877.    OUnut  FUmtii,  H.  Woodward:  Cat.  Brit  Foas.  Cnut.,  p.  47. 
1891.    OUmu  JNmH,  Woods:  Cat  Type  Foss.  Woodw.  Mas.,  p.  149. 

Salter  desoribed  this  species  (loc.  cit  supra)  as  follows : — ''An  oval 
species,  muob  flattened  and  expanded.  Mr.  J.  Plaat,  who  discovered 
it,  has  distributed  casts  and  photographs  of  this  fine  and  well-marked 
fossil."  Id  addition  to  the  almost  complete  specimen  labelled  a,  272, 
from  the  Upper  Lingula  Flags  of  Moel  Gron,  Upper  Mawddach, 
there  are  two  casts  and  a  photograph  of  the  same,  and  two  casts  and 
a  photograph  also  of  an  imperfect  head-shield,  showing  the  free 
oheek  attached,  from  the  same  beds  at  Craig  y  Dinas.  These  were 
presented  to  the  Woodwardian  Museum  by  Mr.  Plant.  On  the 
specimen  a,  272  the  name  "  Conocoryplie  Plantti*'  is  written  in  white 
paint,  but  by  whom  or  at  what  date  is  uncertain.  From  this 
material  the  following  diagnosis  of  the  species  is  possible : — 

Diagnosis. — General  shape  oval.  Head-shield  almost  semicircular 
in  outline,  the  curve  being  slightly  flattened  in  front;  about  twice 
as  broad  as  long.  Genal  angles  spined.  Glabella  subquadrate. 
nearly  as  broad  as  long,  slightly  narrowing  anteriorly  ;  about  three- 
fourths  the  total  length  of  the  head-shield ;  gently  convex  and  raised 
above  cheeks,  from  which  it  is  sharply  marked  off  by  straight 
regular  axal  furrows  which  converge  a  little  towards  the  front  end 
round  which  they  curve  and  meet,  defining  it  from  the  flattened 
pre-glabellar  common  portion  of  the  fixed  cheeks.  Surface  of 
glabella  marked  with  two  distinct  pairs  of  lateral  furrows.  The 
furrows  of  the  posterior  pair  run  obliquely  backwards  with  rather 
an  irregular  wavy  course  at  angles  of  about  -io*^  to  tVv^  «c^;j\  Ixaisi^^^ 
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and  unite  in  the  middle  at  a  distance  from  the  neok-furrow  equal  to 
the  width  of  the  oocipital  ring,  thus  forming  a  broad  U-shaped 
groove  across  the  glabella.  The  furrows  of  the  anterior  pair  hare 
a  similar  wavy  backward  course  parallel  to  the  posterior  pair,  bot 
they  meet  in  the  middle  at  an  acute  angle  in  a  broad  V  instead  of  U 
at  a  point  situated  at  just  half  the  total  length  of  the  glabella.  The 
outer  ends  of  both  pairs  of  furrows,  particularly  of  the  posterior  pair, 
curve  backwards  just  before  reaching  the  azal  furrows,  and  diminish 
considerably  in  strength. 

Frontal  lobe  of  glabella  subtriangular  in  shape  and  large, 
being  just  half  the  length  of  the  glabella.  Neck-furrow  nearly 
straight,  marking  o£f  a  rather  broad  oocipital  ring  of  regular  width 
ornamented  with  a  small  median  tubercle,  and  divided  obsonrely 
into  three  portions  by  two  faint  oblique  arched  furrows  arising  from 
the  posterior  angles  and  meeting  in  the  middle  on  the  neck-farrow. 
Eye  rather  small,  equal  in  length  to  the  width  of  the  middle  glabellar 
lobe;  situated  just  opposite  or  a  little  in  front  of  this  lobe,  a  short 
distance  from  the  azal  furrow  and  near  the  front  end  of  the  glabella, 
with  which  it  is  connected  by  a  weak  '  eye-line.* 

Facial  sutures  cut  the  front  margin  of  the  head-shield  at  angles  of 
rather  more  than  60^,  and  at  a  distance  apart  of  about  one  and  a  half 
times  the  width  of  the  glabella.  From  the  point  of  section  each 
suture  takes  a  backward  and  inward  course  in  nearly  a  straight  line 
to  the  eye,  round  the  projecting  lobe  of  which  it  sweeps;  thence 
it  bends  obliquely  backwards  in  a  weak  outward  curve  to  cut  the 
posterior  margin  of  the  head-shield  at  an  angle  of  about  45^  and 
at  a  distance  from  the  azal  furrow  nearly  equal  to  the  basal  width  of 
the  glabella  and  at  about  two-thirds  the  distance  to  the  genal  angle. 

Border  present  round  the  antenor  edge  of  the  head-shield,  of 
moderate  width  and  rounded,  marked  off  by  a  distinct  marginal 
furrow.  Neck-ring  behind  the  fized  cheeks  about  equal  in  width 
to  this  anterior  border,  but  only  half  the  width  of  the  occipital  ring. 

Free  cheeks  (shown  in  the  specimen  from  Craig  y  Dinas  attached 
to  a  portion  of  the  middle-shield)  roughly  triangular  in  shape, 
and  furnished  with  a  short  straight  genal  spine  less  than  half  the 
length  of  the  head-shield  and  directed  slightly  outwards. 

Thorax,  incompletely  known.  Only  ten  segments  are  preserved 
in  our  specimen  from  Moel  Gron,  two  of  these  being  attached  to  the 
head-shield  and  separated  from  the  rest  of  the  body  by  a  space  of 
7  mm.  in  length,  which  is  equal  to  about  five  segments.  It  is  clear 
from  an  examination  of  the  specimen  that  this  space  was  originally 
occupied  b}'  segments  of  the  body  which  are  now  missing,  for  the 
axis  of  the  second  segment  attached  to  the  head  is  nearly  one  and 
a  half  times  as  wide  as  the  azis  of  the  first  segment  of  the  detached 
posterior  portion,  and  the  two  portions  did  not  therefore  fit  together. 
There  does  not  seem  to  have  been  any  movement  or  separation  of  the 
two  portions  of  the  specimen,  for  if  the  azial  furrows  of  the  anterior 
part  be  continued  in  their  course  backwards  across  the  gap  they 
are  found  to  exactly  meet  those  of  the  posterior  part  and  to  preserve 
the  regular  tapering  of  the  axis.    We  may  therefore  conclude  that 
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the  thorax  was  oomposed  of  the  ten  segments  which  we  now  see 
pku  five  segments  to  fill  up  the  existing  gap. 

Axis  of  thorax  gently  convex,  unomamentecl,  and  gradually 
decreasing  in  width  posteriorly.  Pleural  portions  on  each  side  about 
one  and  a  half  times  as  wide  as  the  axis,  but  showing  posteriorly 
a  slight  increase  in  relative  width.  Plenrsd  straight  with  parallel 
margins  as  far  as  the  distant  fulcrum,  at  which  they  bend  backwards 
to  end  in  a  short  broad  falcate  free  point  Each  pleura  is  marked 
by  a  stroDg  straight  continuous  diagonal  furrow,  curving  round  at 
the  fulcrum  to  end  at  the  point 

Pygidium  transverse  in  shape,  broadly  semicircular,  with  a  regular 
lonnded  margin,  and  with  a  distinct  marginal  furrow  marking  o£f 
a  narrow  border.  Axis  convex,  bluntly  pointed,  very  slightly 
tapering,  composed  of  four  rings ;  length  about  two-thirds  that  of 
the  pygidium,  connected  with  the  posterior  edge  of  pygidium  by 
a  short,  sharply  pointed,  uns^mented,  and  less  elevated  appendix, 
which  interrupts  the  continuity  of  the  border.  On  the  lateral  portions 
of  the  pygidium  four  pairs  of  pleurso  with  their  diagonal  furrows 
are  present,  and  of  these  the  anterior  pair  has  the  furrows  the  most 
strongly  marked. 

Mkasttbsmihts. 

mm. 

Length  of  trilobite        37*0 

JLeDgth  of  head-shield 12*0 

Width  (estimated)  of  head-shield        26-0 

"Width  of  middle-shield  at  base            19*0 

"Width  of  fixed  cheek  at  base 6-0 

Leng;th  of  glabella         8*5 

Width  of  ditto  at  base 7*0 

Length  of  pygidium      60 

Width  of  oitto 12'5 

Bemabks. — The  subgenus  of  Olentia  to  which  this  species  appears 
to  belong  is  that  named  Paraholinella  by  Brogger.^  The  sub- 
quadrate  glabella  not  reaching  the  front  margin,  the  wide  pre- 
glabellar  portion  of  the  head-shield,  the  rounded  margin,  the  course 
of  the  facial  suture,  the  position  and  relative  size  of  the  eyes,  the 
characters  of  the  occipital  ring,  the  genal  spines  of  the  free  cheeks, 
the  pygidium  with  regular  bordered  edge,  not  furnished  with  spines, 
with  a  3-4  jointed  axis,  and  lateral  lobes  marked  with  distinct 
furrows,  are  the  most  important  features  in  common  between 
0.  Planii  and  the  subgenus  Paraholinella  as  defined  by  Brogger. 
The  presence  of  only  two  instead  of  three  lateral  furrows  on  the 
glabella  is  a  point  of  difference,  but  perhaps  not  of  much  importance 
in  this  case,  as  we  see  on  examining  Brogger's  figure  of  F,  rugosa 
(loc.  cit.,  tab.  iii,  f.  3)  that  an  indefinite  number  of  furrows  seem 
to  be  present  in  that  species,  and  their  irregular  character  and 
tendency  to  unite  in  the  middle  also  reminds  us  of  0.  PlantL  In 
the  case  of  the  pleursB  their  shape  and  straight  diagonal  furrow 
resemble  more  closely  those  of  Paraholina  syinulota,  but  the  short 

»  Die  Silur.  Etag..  2  and  3  (1882),  p.  102,  tab.  iii,  f.  2a,  h,  3,  and  \a. 
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falcate  instead  of  long  spinose  ends  distingaish  them.  Hoieo^er, 
the  oharacters  of  the  pygidiam  and  head*shield  oompletelj  aepazate 
0.  Flanti  from  the  snbgenas  ParaboUna. 

The  only  other  British  forms  oalling  for  any  oomparison  are  the 
so-called  '  Conoearyphe '  WiZZiaiiMoiit  (Belt),^  the  speoiea  of  Para* 
holinella  described  by  Miss  Crosfield  and  Miss  Skeat,*  and  Oiemu 
triarihms  (Callaway)  from  the  Shineton  Shales.  Belt's  speoieB 
probably  belongs  to  ParaboUneUa,  the  only  important  point  of 
difference  being  the  presence  of  two  instead  of  three  pairs  of 
glabellar  farrows,  llie  pygidiam  of  *  Canocorypke*  WiUiawuom 
seems  to  be  almost  identical  with  that  of  0.  PlanU,  and  the 
pleuree  are  very  similar,  bat  the  characters  of  the  glabella  and 
head-shield  are  safficient  to  warrant  their  specific  separation. 

The  species  of  ParahoUnella  from  the  Tremadoo  of  Nant  y 
Qlasdwr,  described  by  Miss  Crosfield  and  Miss  Skeat  (loo.  oit),  is 
only  known  by  an  imperfect  head-shield.  It  differs  from  0.  PltrnU 
by  the  gpreater  namber  of  glabellar  farrows,  by  the  larger  eyes,  by 
the  coarse  of  the  facial  satares,  and  by  the  narrower  fixed  oheeks. 

The  only  other  British  species  of  ParaboKnella  is  P.  [Ofemii] 
triarthrus  (Callaway),'  from  the  Shineton  Shales,  and  it  differs  from 
P.  Planti  by  its  broader  glabella,  by  the  anion  of  the  posterior  and 
anterior  pairs  of  glabellar  farrows,  by  the  tabercles  on  the  axial 
rings  of  the  thorax,  and  by  the  characters  of  the  pyg^dium.  Bat  it 
is  evidently  a  closely  allied  species. 

Olenus  (Ctenoptqe  ?)  xxPANSus,  Salter.     (PI.  XII,  Figs.  2  and  3.) 

1873.     Olmui  {Spharophthalmui)  expatinu,n,sii,f  Salter:   Cat.  Camb.  Silar.  Fosi. 

Woodw.  Mus.,  p.  12  (a  275). 
1877.     OUnus  (Spharophthabnut)  cxpansus,  Woodward :  Cat.  Brit.  Fobs.  Crust., p.  4 7. 
1891.     0l4nm  {i^pharophthalmwt)  expoMuSf  "Woods  :  Cat.  Tj'pe  Foss.  Woodw.  Mus., 

p.  149. 

The  two  specimens  on  which  Salter  foanded  this  species  are 
exceedingly  imperfect  and  fragmentary,  and  consist  only  of  a  few 
broken  thoracic  rings  attached  in  one  case  to  a  portion  of  a  pygidiam 
showing  the  margin.  This  specimen,  thoagh  crushed  and  flattened 
out,  is  the  less  incomplete  of  the  two,  but  is  extremely  unsatisfactory 
for  a  specific  description.  Salter  (loc.  cit.  supra)  describes  the  species 
thus :  **  A  very  narrow  axis  and  enormously  wide  flanks  distinguish 
this."  The  long  narrow  pleurae,  of  which  7-8  are  visible  in  the 
better  and  larger  specimen  and  7  in  the  smaller  one,  are  straight, 
with  parallel  sides,  extend  at  right  angles  to  the  axis,  and  bend 
sharply  close  to  the  ends  to  terminate  in  short  points,  not  projecting 
outwards  nor  produced  into  spines.  Each  pleura  is  apparently 
furnished  with  a  narrow  raised  rounded  ridge  running  along  its 
anterior  margin,  with  a  distinct  groove  behind  it     The  general 

1  Geol.  Mao.,  Dec.  I,  Vol.  V  (1868),  p.  5,  PI.  II,  Figs.  7-11.  Salter's  Cimo- 
coryphe  JFilliamsoni  (Cat.  Camb.  Sil.  Foss.  Woodw.  Mus.,  p.  12)  is  distinct  from 
Belt's  form. 

2  Q.J.G.S.,  vol.  lii  (1896),  p.  537,  pi.  xxyi,  figs.  11  and  12. 

3  Callaway  :  Q.J.G.S.,  vol.  xixiii  (1877).  p.  666.  pi.  xxiv,  fig.  6.  Briiggcr  : 
Xjt  Magazin  fur  Naturvidenskaberne,  vol.  xxxvi  (1897),  pp.  179-185,  200. 
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flnrfjEU^e  of  the  pleura  bears  no  furrow  or  ridge,  but  close  to  the 
posterior  margin  are  two  equal  raised  thread-Uke  lines  parallel  to 
the  margin  and  to  each  other  and  separated  by  a  narrow  groove. 

The  axis  of  the  thorax  is  very  narrow  relatively  to  the  pleura ; 
it  is  cylindrical  as  in  Ctenopyge  peeten  (Salter),  not  tapering  at  all 
posteriorly,  so  far  as  is  seen  in  the  smaller  specimen.  In  the  larger 
specimen  the  axis  is  too  imperfectly  preserved  to  make  out  any 
feature  clearly.  The  pygidium,  according  to  the  latter  specimen, 
appears  to  be  broadly  parabolic  and  slightly  pointed  or  apiculate 
posteriorly,  but  this  appearance  may  be  due  to  distortion  and  crushing. 
Its  lateral  lobes  are  flat  and  marked  by  straight  pleura  similar  to 
those  of  the  thorax,  and  like  them  distinctly  furnished  with  the  ridge 
and  thread-like  lines.  They  terminate  on  the  margin  in  free  ends, 
bluntly  pointed  and  backwardly  directed,  of  which  six  or  seven  are 
distinguishable.     The  axis  of  the  pygidium  is  not  preserved. 

It  is  extremely  doubtful  to  what  subgenus  or  even  genus  this 
imperfect  fossil  should  be  ascribed.  It  however  seems  more  allied 
to  JEurycare  or  Ctenopyge  than  to  SpharophthcUmus,  The  long, 
straight  spinose  pleurse  of  the  thorax,  the  narrow  axis,  the  numerous 
segments  of  the  pygidium,  with  the  free  pointed  terminations  of  the 
pleune  on  its  margin,  resemble  Ctenopyge,  but  the  shorter  length  of 
these  spines  and  their  falcate  shape  distinguish  them.  It  is  not, 
however,  possible  to  fix  with  certainty  the  true  generic  position  of 
this  imperfectly  known  species. 

The  specimens  (a,  275  of  Salter's  Catalogue)  were  found  in  the 
Upper  Lingula  Flags  of  Moel  Grori. 

mm. 
Length  of  pygidium  of  larger  specimen  ...         12'0 

Width  of  ditto 23-0 

Width  of  thorax  25*0 

Width  of  axis  of  thorax  4*0 

N.B.  These  measurements  are  only  approximate,  owing  to  the 
bad  state  of  preservation  of  the  specimen,  and  its  distortion. 

Nesbubetus  reourvatus  (Hicks)  ?     (PI.  XII,  Fig.  4.) 

1873.     CalyincM  vexata,  Salter :  Cat.  Camb.  Sil.  Foss.Woodw.  Muf .,  p,  22  (a  469). 
1888.     Calymene  vcxata,  Etheridge  :  Pal.  Foss.  Brit.  Isl.,  p.  46. 
1891.     Neseuretusy  sp.,  Woods :  Cat.  Type  Foss.  Woodw.  Mus.,  p.  148. 

The  small  pygidium  named  by  Salter  Calymene  vexata  occurs  on 
a  slab  with  Niohe  [^Asaphellus,  Brogger]  menapiensts,  Neseuretus 
quadratu8f  Ctenodonta  menapiensis,  and  Ctenodonta  camhriensis  from 
theTremadoc  Beds  (  =  Arenig,  according  to  Salter)  of  Bamsey  Island. 
The  species  is  somewhat  doubtful,  but  the  pygidium  appears  to 
resemble  that  of  Neseuretus  recurvatus  (Hicks). ^ 

Neseuretus  quadeatus  (Hicks)  ?     (PL  XII,  Fig,  5.) 

1873.     Calymene  ultima,  Salter :  Cat.  Camb.  Sil.  Foss.  Woodw.  Mus.,  p.  22  (a  469). 
1888.     Calymefie  ultima,  Etheridge  :  Pal.  Foss.  Brit.  Isl.,  p.  46. 
1891.     Calymme ultima,  yfooih:  Cat.  Type  Foss.  Woodw.  Mus.,  p.  141.   (Specimen 
supposed  to  be  lost.) 

The  slab  of  rock  on  which  Salter's  Calymene  vexata  occurs  also 
contains  his  original  specimen  of  Calymene  ultima.     It  consists  of 

1  Hicks:  Q.J.G.S.,  toI.  xxix  (1872),  p.  45, p\.  m,  ^ga.  5,^. 
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a  good  head-shield  only  slightly  distorted,  and  oorrespondB  in 
oharacter  to  NeBeurtim  quadraius  (Hioks),^  bnt  apparently  bebngt 
to  a  young  individnal,  as  it  is  of  oomparatively  small  siEs  (13  mm. 
long).  Tlie  glabella  is  too  narrow  to  ascribe  it  to  N.  ranueffeuit. 
Hicks.  The  basal  lobes  are  well  shown,  and  there  is  a  fEont  indication 
of  the  two  anterior  pairs  of  lateral  farrows.  The  ponctation  of  the 
surface  also  corresponds  to  that  of  JT.  qfiadratui. 

Nkseubbtus,  sp.    (PL  XII,  Fig.  6.) 

1873.    ffamaUmotut  monttrator,  Salter :  Cat.  Camb.  Sil.  Foss.  Woodw.  Mns.,  p.  ti 

{a  482). 
1888.    ffomalonotut  motutrator,  Etheridge :  Pal.  Foss.  Brit.  Isl.,  p.  64. 
1891.    Neteuretua,  sp.,  Woods :  Gat.  Type  Foss.  Woodw.  Mas.,  p.  148. 

Salter  gave  the  name  HomaUmotua  monstrator  to  a  trilobite  from 
what  he  considered  the  base  of  the  Arenig  Beds  (=Tremadoa 
according  to  Hicks)  in  Bamsey  Island.  The  single  original 
specimen  (a  482)  on  which  this  species  was  founded  oonsists  of 
an  imperfect  and  badly-preserved  pygidium,  which  obviously  belongs 
to  the  genus  Neseuretus,^  though  the  species  is  indeterminable. 

EXPLANATION  OF  PLATE  XII. 

[All  the  figures  are  of  Salter's  original  specimens  in  the  Woodwardian  MaBeam.] 
Fio.  1. — Olenua  {Fiarabolinella)  Planti,  Salter.    Upper  Ling:ula  Flags,  Mod  GraiL 

a,  272. 
Fios.  2  and  3. — Olenttt  (s.g.  f)  expansutj  Salter.    Upper  Lingula  Flags,  Mod  Gron. 

a,  275. 
Fio.  4. — Neseuretus  reeurvatutj  Hicks?    Tremadoc,  Ramsey  Island,    a,  469. 
Fio.  b.^Neseureius  quadratusy  Hicks  ?    Tremadoc,  Ramsey  Island,    a,  469. 
Fio.  6. — Nitettntut,  sp.    Tremadoc,  Ramsey  Island,    a,  482. 


V. — Tertiary  Foraminiferal  Limestones  from  Sinai. 
By  Frederick  Chapman,  A.L.S.,  F.R.M.S. 
(PLATES  XIII  AND  XIV.) » 

rpHE  following  descriptions  are  based  upon  a  oolleotion  of 
X  foraminiferal  limestones,  chiefly  nammulitic,  from  Sinai,  which 
were  sent  to  the  British  Museum  for  description  and  determination 
by  Captain  H.  G.  Lyons,  B.E.,  F.G.S.,  Director  of  the  Geological 
Survey  of  Egypt. 

Oar  previous  knowledge  of  Sinaitic  foraminifera  has  been  some- 
what scanty.  It  was  pointed  out,  however,  chiefly  by  BauermaD, 
that  the  Nummulitic  Series  is  very  well  developed  in  this  partioolar 
area,  the  country  on  the  east  side  of  the  Gulf  of  Suez. 

The  occurrence  of  Nummulites  and  Opercultna  is  reoorded  in 
Mr.  Bauerman's  paper «  mainly  from  a  locality  south  of  Wadi 
Gharandel.  Professor  Rupert  Jones  supplied  a  note  to  that  paper, 
and  from  the  latter  locality  recorded  Nummulites  Oizehensis  (hrp 

»  Hicks:  Q.J.G.S.,  vol.  xxix  (1872),  p.  46,  pi.  iii,  figs.  11-13. 
«  Hicks :  Q.J.G.8.,  vol.  xxix  (1872),  p.  44. 
^  The  Plates  will  appear  with  Part  II,  in  the  August  Number. 
*  *'  Note  on  a  Geological  Eeconnaissance  made  in  Arabia  Petrsea  in  the  Spring  o^ 
1868  ** ;  Quart.  Joum.  Geol,  Soc,  vol.  xxv  (1868),  p.  38. 
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and  small),  N.  Bamondi,  N.  eurvispira,  and  N.  iniermedia ;  whilst 
from  "  the  lowest  rock  seen  jast  beyond  Pharaoh's  Fall "  he  records 
remains  of  Nummulites  Bamondi  and  Opereulina  eanalifera  (?). 

Foraminifera  have  been  recorded  from  Sinai  also  by  Ehrenberg.^ 
These  were  principally  obtained  from  washings  of  the  rocks,  and 
consequently  are  exceptionally  minate  forms. 

Other  occarrences  of  foraminifera  from  the  adjacent  coantry, 
chiefly  Palestine,  are  noted  by  Fraas,'  who  described  a  form  ander 
the  name  of  NummuUUs  eretaeea  from  the  Hipparite  Limestone 
near  Jerusalem,  and  which  from  the  figure  given  is  certainly  not 
a  nnmmulite,  but  bears  some  resemblance  to  a  turgid  Orhitoidea,  and 
is  most  probably  of  Tertiary  age.'  The  same  author  mentions  two 
other  species,  NummuliUs  variolaria  and  N.  Arahtensia. 

Lartet  has  figured  and  noted  three  species  of  Nummulite$  from 
Wadi  Gharandel,*  namely,  N.  Lydli,  N,  Ouettardi,  and  iV.  Luecuana. 

Lastly,  a  series  of  specimens  collected  by  the  Palestine  Exploring 
Expedition  in  1865  from  Gerizhem  have  been  identified  by  Professor 
T.  Bupert  Jones,'  who  enumerates  ten  species,  and  some  of  these  are 
comparable  with  our  Sinaitic  specimens. 

The  specimens  dealt  with  in  this  paper  were  collected  by 
Mr.  Barron,  of  the  Egyptian  Qeological  Survey,  between  January 
and  June,  1899. 

The  following  is  an  epitomized  account  of  the  rook-specimens, 
with  their  contents  : — 

Ho.  4,111,  11. — " Foraminiferal  limestone;  top  of  Jebel  Abyad, 
south  of  Wadi  Gharandel,  Siaai."   Mokattam  Series  (Middle  Eocene). 

A  dense  cream-coloured  limestone,  largely  composed  of  Nummulites 
suhdiscorbina  and  N,  curvispira,  associated  with  a  fair  number  of 
N,  Gtzehensis,  var.  Pachoi.  The  nummulites  in  these  rock-specimens 
lie  massed  together,  forming  a  kind  of  bank,  which  is  in  turn  covered 
with  fine  detrital  mud  containing  smaller  foraminifera,  such  as 
Bolivina,  Glohigertna,  Discorhina,  and  Botalia,  One  of  the  nummu- 
lites in  this  rock  has  been  partially  transformed  into  beekite. 

The  genera  and  species  found  in  these  rook-specimens  are: — 
Bolivina  punctata  ?,  d'Orbigny  ;  Glohigerina  bulloides,  d'Orb. ;  G.  con- 
globata,  Brady ;  G,  eretaeea  ?,  d'Orb. ;  Discorbina  rugosa  (d'Orb.) ; 
D.  ghbularis  (d'Orb.) ;  Botalia  calcariformis  (Sch wager) ;  Nummulitea 
subdiseorbinaj  De  la  Harpe ;  N.  eurvispiray  Meneghini ;  N.  Gizehen^By 
Ehr.,  var.  Faehoiy  De  la  Harpe ;  Orbitotdea  diapanaa  (Sow.) ;  0. 
ephippium  (Schlotheim) ;  and  0.  papyraeea  (Boubee). 

No.  4,112,  2/. — "  Foraminiferal  limestone,  heach  deposit  (later)  ;• 

>  Mikrogeologie,  vol.  ii  (1854),  pi.  xxt  c.    Also  Parker  &  Jones :  Ann.  Mag.  Nat. 
Hist.,  vol.  ix  (1872),  p.  289. 
2  Aus  dem  Orient,  1867,  pp.  82-4,  pi.  i,  figs.  Sa-c. 
5  See  also  Lartet :  **  Explor.  geol.  Mer  Morte,"  1877,  pp.  157-9. 

*  Lartet,  **  Essai  sur  la  Geol.  Palestine,"  pt.  ii,  Paleontologie :  Ann.  Sci.  g^ol., 
Tol.  iii  (1872),  p.  89,  pi.  ix,  figs.  23,  25,  26. 

*  Catal.  Foss.  Foram.  Brit.  Mus.,  1882,  p.  49. 

*  Mr.  Barron  writes  (March,  1900)  with  regard  to  this  deposit:  **It  has  the 
characters  of  a  heach  deposit  in  that  it  is  gntty  and  contains  \7eU.-T(LieixV<^  ^^'^- 
glomerate  heds.    There  is  no  douht,  however,  that  it  is  part  oi  t\iQlLo^^ii^  ^sne^?*^ 
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Jebel  Abyad,  SinaL"     ?  Bartonian  (Upper  Eocene)  or  ?  top  of 
Hokattam  Swies  (Middle  Eocene). 

A  soft-textnred,  pale  oream-colonred  rock.  Thin  aeotiona  of  this 
specimen  when  viewed  under  the  microacope  show  the  rook  to 
be  finely  granular  to  crystalline,  and  to  contain  a  fair  nomber  of 
foraminifera,  some  of  which  are  broken  and  worn  (?  derired). 

The  foraminifera  in  this  rock  are : — Qlobigerina  huUaide$,  d*Orb. ; 
Operadina  eamplanata  (Defr.),  var.  diaeoidea,  Schwager ;  NummmUU$ 
plantdala  (Lamarck)  ;  N.  variolaria  (Lam.) ;  and  Omtoidet  ditpanaa 
(Sowerby). 

Hos.  4,135,  81,  and  4,113, 47.  — '*Foraminiferal  limestone ;  jonction 
of  Wadi  Baba  and  Wadi  Shell&l."    Libyan  Series  (Lower  Eocene). 

This  rock  has  a  whitish  chalky  appearance,  and  is  seen  under  the 
microscope  to  be  almost  completely  recrystallized  as  dolomite,  the 
rhomb-sections  of  that  mineral  being  very  perfect.  The  foraminifera 
have  retained  generally  their  shape  and  structure,  but  in  many 
instances  their  tests  are  bitten  up  by  dolomite  rhombs.  Hie 
chambers  of  the  foraminifera  are  also  often  filled  up  by  the  orjstala. 
Besides  foraminifera  numerous  fragments  of  polyzoa  (unaltered) 
are  scattered  throughout  the  rock. 

The  foraminifera  seen  in  these  specimens  are : — Textuiaria  aggl%- 
tinans,  d*Orb.  ;  Operetdina  eomplanata  (Defr.),  var.  oano/i/era, 
d'Archiao ;  and  NummuliUa  Bamondi,  Defr. 

Ho.  4,163,  51, — ''  Nummulites  near  top  of  Jebel  Safariat,  Sinai." 
Mokattam  Series  (Middle  Eocene). 

A  collection  of  nummulites  of  the  type  N.  eomplanata,  comprising 
N,  Oizehensis  (Forskal),  var.  Ehrenbergi,  De  la  Harpe  ;  N,  Qizehen$i$y 
var.  Lyelli,  d'Archiao  &  Haime;  and  N.  Gizehen$i$,  var.  Pachoi, 
De  la  Harpe. 

No.  3,598,  13Z.  — "Nummulitio  bed,  Wadi  Khad&hid,  Sinai.'' 
Mokattam  Series  (Middle  Eocene). 

An  ocb reou 8  -  coloured,  inooberent  limestone,  consisting  almost 
entirely  of  nummulites  (chiefly  N,  curvispira). 

The  following  foraminifera  were  found  : — Truncatultna  umhont/era 
(Schwager)  ;  Nummulites  Gtzehensis,  var.  Pachoiy  De  la  Harpe  ; 
A.  curvispira,  Meneghini ;  N,  Barroni^  sp.  nov. ;  and  JV.  Bamondi  ?, 
Def ranee. 

No.  3,002,  152.  — ''  Foraminiferal  limestone,  Jebel  Krer  (same 
range  as  Jebel  Abyad),  Sinai."     Libyan  Series  (Lower  Eocene). 

An  impure  chalky  limestone,  with  many  included  fragments  of  an 
older  rock,  possibly  Cretaceous  in  age,  which  includes  Olohigerina 
eretaeea*^,  d'Orb.  When  viewed  microscopically,  this  limestone 
appears  to  have  originally  been  a  fine-grained  calcareous  mud,  with 
numerous  specimens  of  foraminifera.  We  find  here  Miliolina  ctrca- 
laris  (Bom.);  AlveoUna  Boscii  (Defr.);  A,  decipiens,  Schwager; 
Bigenertna?  nodoaariay  d'Orb. ;  Olohigerina  eretacea  ?,  d'Orb. ;  Opereu- 
Una  eomplanata  (Defr.),  var.  canaliculata,  d'Archiao;  NummulHea 
Guettardi,  d'Arch.  &  Haime,  var.  antiqua,  De  la  Harpe ;  Orbitoides 
dispansa  (Sow.) ;  and  0.  papyracca  (Boub^e). 
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In  the  following  desoriptions,  especially  with  regard  to  the 
nummalites,  I  have  had  the  advantage  of  consulting  Professor 
T.  Bnpert  Jones,  F.B.S.,  to  whom  I  am  maoh  indebted. 

FOSAXnriFERA. 

Family  MILIOLIDiE. 

SubfamUy  MILIOLININ^. 

MiLiouNA,  Williamson  [1858]. 

JliioUoUna  dreidaris  (Bomemann).     (PL  XIV,  Fig.  1.) 

Triloculina  circulans,  Bornemann,  1855  :  Zeitach.  deatseli.  Geol.  Q«6ell.,  roL  tu, 

p.  349,  dl.  xix,  fig.  4. 
Miliolina  cireularit  (Born.),  Snerborn  &  Chapman,  1886 :  Jonm.  Roj.  Micro.  Soo., 

ser.  II,  Tol.  yi,  p.  742,  pi.  xir,  figs.  2a,  b, 

A  Miliolina  occurs  in  a  section  of  one  of  the  Sinai  limestones. 
It  perfectly  agrees  in  outline  and  the  disposition  of  the  inner 
chambers  with  the  above  species,  especially  those  found  in  Tertiary 
clays  elsewhere,  as  the  London  Clay  and  the  Septarian  Clay  of 
Hermsdorf. 

Coll.  GeoL  Surv.  Egypt,  No.  3,902,  Box  No.  151  Libyan  Series 
(Lower  Eocene) :  Jebel  Krer,  Sinai. 

Subfamily  ALVEOLININ^. 

Alvbolina,  d*Orbigny  [1826], 
AlveoUna  Boscii  (Defrance).     (PL  XIII,  Fig.  6a.) 

Oryzaria  Bosciiy  Defrance,  1820:  Diet.  Sci.  Nat.,  vol.  xvi,  p.  106  ;  Atlas  Zooph., 

pi.  xlviii,  fig.  4. 
Alvtolina  Bowii  (Defr.),  d'Orb.,  1826 :   Ann.  Sci.  Nat.,  vol.  vii,  p.  306,  No.  5  ; 

Modules,  No.  50.     Brady,  1884  :   Rep.  Chall.,  vol.  ix,  p.  222,  pi.  xvu, 

figs.  7-12. 

The  elongate  and  more  or  less  fusiform  specimens  of  AlveoUna  in 
the  oldest  Tertiary  limestones  of  Sinai  may  be  referred  to  the  above 
species.  Schwager  figures  an  allied  form,  A,  frumentiformis,^  which 
is  more  slender  than  A.  Boscii,  from  the  Egyptian  limestone  of  the 
Libvan  Series. 

Coll.  Geol.  Surv.  Egypt,  No.  3,902,  Box  No.  15^  Libyan  Series 
(Lower  Eocene)  :  Jebel  Krer,  Sinai.     Rare. 

AlveoUna  (Flosculina)  decipiens,  Schwager.     (PL  XIV,  Fig.  2.) 

AUtolina  (Floteulitia)  decipiens,  Schwager,  1883 :  Palseontographica,  vol.  xxx,  Pal. 
Theil,  p.  103,  pi.  xxri  (iii),  figs.  la-k. 

This  interesting  species  appears  to  be  similar  to  some  AlveoUna 
from  India,  associated  in  like  manner  with  NummuliteB  and  Orbitoides, 
It  was  found  by  Schwager  in  the  Libyan  Series  of  Nekeb-el-Farudj 
and  EI -Gass- Abu-Said. 

Coll.  Geol.  Surv.  Egypt,  No.  3,902,  Box  No.  151  Libyan  Series 
(Lower  Eocene)  :  Jebel  Krer,  Sinai.     Frequent. 

»  PalsBontographica,  vol.  xxi  (1883),  Pal.  Theil,  p.  100,  pi.  xxv  (ii^^^i^*  ^ar»%. 
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Family  TEXTULARIID^. 

Subfamily  TEXTULABIINiB. 

TsxTULABiA,  Defranoe  [1824]. 

Textfdaria  agglutinatu,  d'Orbigny.     (PL  XIV»  Fig.  3.) 

Textularia  agglutinant^  d'Orb.,  1839 :  Fonun.  Cab*,  p.  144,  pi.  i,  t^.  17, 18, 32-34. 

A  speoimen  of  the  above  was  met  with  in  one  of  the  seotioDS, 
which  has  the  aboral  end  somewhat  more  attenuate  than  is  nsnal 
in  the  typical  form.  The  texture  of  the  shell -wall  is  coarsely 
arenaceous,  and  the  limestone  in  which  it  occurs  was  probably 
deposited  in  quite  shallow  water. 

Coll.  GeoL  Sunr.  Egypt,  No.  4,113,  Box  No.  41.  Libyan  Seriei 
(Lower  Eocene) :  junction  of  Wadi  Baba  and  Wadi  Shell&L 

BiGENEBiNA,  d'Orbiguy  [1826]. 

Bigenerina  nadosaria  ?,  d'Orbigny.     (PL  XIII,  Fig.  76.) 

Bigenerina  nodoaaria,  d*Orb.,  1826  :  Ann.  Sci.  Nat,  yoL  yii,  p.  261,  No.  1,  pL  li, 

figs.  9-11 ;  Mod^es,  No.  57. 
Diinorphma nodosaria,  d'Orb.,  1846 :  Foram.  Fo88.yienne,  p.  221,  pL  zii,  figs. 21, 22. 
Bigenerina  nodosaria,  d'Orb.,  Brady,  1884  :   Rep.  Chall.,  yoL  ix,  p.  369,  pL  zlir, 

figs.  14-18. 

A  vertical  section  of  a  stout  bigenerine?  form  occurs  in  one  of  the 
sections,  and  is  most  probably  referable  to  the  abore  species. 
B,  nodosaria  has  been  recorded  from  various  deposits  dating  from 
Middle  Tertiary  times. 

Coll.  Geol.  Surv.  Egypt,  No.  3,902,  Box  No.  151.  Libyan  Series 
(Lower  Eocene)  :  Jebel  Erer,  Sinai 

Subfamily  BULIMININiE. 

BoLiviNA,  d'Orbigny  [1839]. 
Bolivina  punctata  ?.  d'Orbigny.     (PI.  XIV,  Fig.  4.) 

Boiivina  punctata,  d'Orb.,  1839  :  Voyage  Amer.  M^rid.,  vol.  v,  Foraminif^res,  p.  63, 

pi.  >iii,  figs.  10-12. 
B.phi/llodes  (Ehrcnberg),  Schwager,  1883  :  Palaeontographica,  vol.  ixx,  Pal.Theil, 

p.  113,  pi.  ixix  (^-i),  fig.  10. 

The  specimen  under  notice  is  a  vertical  section  of  a  narrow  form 
cut  at  such  an  angle  as  to  give  a  chevroned  aspect  to  the  chambers. 
It  is  possibly  referable  to  the  well-known  Tertiary  species  BoRvina 
punctata,  and  similar  specimens  have  occurred  in  both  the  Libyan 
and  Mokattam  Series  of  Egypt. 

Coll.  Geol.  Surv.  Egypt,  No.  4,111,  Box  No.  IL  Mokattam  Series 
(Middle  Eocene) :  top  of  Jebel  Abyad,  south  of  \yadi  Gharanoel, 
Sinai. 

Family  GLOBIGEEINIDiE. 

Globigekina,  d'Orbigny  [1826]. 

Glohigertna  hulloides,  d'Orbigny.     (PI.  XIV,  Fig.  6.) 

Olohigerina  buUoides^  d'Orb.,  1826  :  Ann.  Sci.  Nat.,  vol.  vii,  p.  277,  No.  1 ; 
Modules,  No.  76.  Schwager,  1883 :  Palaeontographica,  toI.  ixx,  Pal. 
Theil,  p.  118,  pi.  iivii  (iv),  figs.  ba-c. 

Several  undoubted  specimens  of  this  form  were  detected  in  the 
fine  material  of  the  sections  made  from  rock-specimen  No.  4,112. 
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Sohwager  foand  0.  htdloidea  in  both  the  Libyan  and  the  Mokattam 
Series  in  Egypt. 

Coll.  Qeol.  Sarv.  Egypt,  No.  4,112.  Box  No.  21.  Bartonian  Series 
(Upper  Eocene)  or  top  of  Mokattam  Series  (Middle  Eocene)  :  Jebel 
Abyad,  Sinai. 

Olcbigerina  eonglohata,  Brady.     (PL  XIY,  Fig.  6.) 

Globigtrina  eonfflobata,  Brady,  1879 :  Quart.  Joum.  Micro.  Sci.,  vol.  xix,  p.  72. 
Id.,  1884 :  Rep.  Chall.,  vol.  ix,  p.  603,  pi.  Ixxx,  figs.  1-5 ;  pi.  Ixxxii, 
fig.  6. 

This  species  is  occasionally  seen  in  the  sections  of  No.  4,111,  but 
the  specimens  are  somewhat  fragmentary.  It  has  previously 
oocnrred  in  beds  as  old  as  the  Oligocene  or  Miocene,  notably  in 
the  limestones  of  Christmas  Island.  It  is  distinguished  by  the 
fewness  of  the  chambers  and  the  comparative  thickness  of  the 
shell-walls. 

Coll.  Oeol.  Snrv.  Egypt,  No.  4,111,  Box  No.  1^  Mokattam  Series 
(Middle  Eocene) :  top  of  Jebel  Abyad,  south  of  Wadi  Qharandel, 
Sinai. 

Glohigerina  eretacea  ?,  d'Orbigny.     (PI.  XIV,  Fig.  7.) 

GloHgerina  eretacMf  d'Orb.,  1840 :  M6m.  Soc.  g6ol.  France,  ser.  i,  vol.  ir,  p.  34, 

pl.  iii,  fies.  12-14. 
G.  cf.  eretacea,  d^Oro.,  Schwager,  1883  :   PalsBontographica,  vol.  xxz,  Pal.  Theil, 

p.  119,  pl.  xxix,  figs.  IZa-d, 

Numerous  small  specimens  of  a  small-chambered,  neatly  coiled 
Glohigerina,  very  closely  resembling  6?.  eretacea,  occur  in  the  pre- 
sumably oldest  nuramulitic  beds  of  Sinai.  This  species  has  also 
been  doubtfully  referred  to  as  occurring  in  the  argillaceous  beds 
(Libyan  Series)  of  El-Guss-Abu-Said  by  Schwager. 

It  is  of  great  interest  to  note  this  occurrence  here,  since  if  the 
species  be  proved  by  specimens  isolated  from  the  rock,  they  will 
either  have  been  derived  from  neighbouring  Cretaceous  beds  or 
otherwise  show  an  upward  range  for  the  species,  typical  examples 
of  which  are  not  known  out  of  the  Cretaceous  formations. 

Coll.  Geol.  Surv.  Egypt,  No.  4,111,  Box  No.  1/.  Mokattam  Series 
(Middle  Eocene)  :  top  of  Jebel  Abyad,  south  of  Wadi  Gharandel, 
Sinai.  Also  No.  3,902,  Box  No.  15/.  Libyan  Series  (Lower 
Eocene :  Jebel  Erer  (same  range  as  Jebel  Abyad),  Sinai. 

Family  ROTALIID^. 

Subfamily    ROTALIINiG. 

DiscoRBiNA,  Parker  &  Jones  [1862], 
Discorhina  rugosa  (d'Orbigny).     (Pl.  XIV,  Fig.  9.) 

Rosalina  rugosa,  d*Orb.,  1839  :  Voyage  Amer.  Merid.,  vol.  v,  pt.  5,  Foraminif&res, 


p.  42,  pl.  ii,  figs.  12-14. 

rugosa  (d*Orb.),  Brady,  ] 

figs.  1,  4.    Sherbom  &  Chapman,  1889  :  Journ.  Roy."Micro.  Sci.,  p.  487, 


Biseorbina  rugosa  (d'Orb.),  Brady,  1884  :   Rep.  ChalL,  vol.  ix,  p.  652,  pl.  Ixxxvii, 
igs.  1,  4.    Sherbom  &  Chapman,  1889:  Journ.  Rov.  M" 
pl.  xi,  fig.  33. 


Tbis  neat  little  shallow- water  organism  is  fairly  well  known  in 
Eocene  strata,  and  is  a  characteristic  form  in  the  Loudoti  GVwj , 
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Coll.  Oeol.  Surv.  Egypt,  No.  4,111,  Box  No.  IL  Mokattam  Series 
(Middle  Eocene) :  top  of  Jebel  Abyad,  soath  of  Wadi  Gharandel, 
Sinai. 

Discorhina  gJohidaris  (d'Orbigny).     (PI.  XIV,  Fig.  8.) 

Rotalina  glohularity  d'Orb.,  1826  :  Ann.  Sci.  Nat.,  vol.  yii,  p.  271,  No.  1,  pi.  ziii, 

figs.  1-4 ;  Mod^es,  1826,  No.  69. 
Diseorbina  fflobularis  (d'Orb.),   1897,  Jones  &  Chapman,  in    Professor    Jndd*» 

Second  Beport  on  specimens  of  the  deposits  of  the  Nile  Delta :  Proc. 

Boy.  Soc.,  vol.  Ixi,  p.  38. 

The  specimen  seen  in  section  is  that  of  a  simple,  strongly  inflated 
Diseorbina,  similar  to  the  above-named  species.  It  has  already  been 
recorded  from  slices  of  Eocene  pebbles  from  the  Nile  Delta,  and  it 
is  also  known  from  the  Eocene  of  Grignon.  It  oocars  in  nearly  all 
fossiliferous  strata  dating  from  Tertiary  times  to  the  present  In 
recent  deposits  D,  glohularis  is  most  abundant  in  shallow  water, 
averaging  about  50  fathoms. 

Coll.  Geol.  Surv.  Egypt,  No.  4,111,  Box  No.  12.  Mokattam  Series 
(Middle  Eocene) :  top  of  Jebel  Abyad,  south  of  Wadi  Gharandel, 
Sinai. 

Tbunoatdlina,  d'Orbigny  [1826]. 

Trnneattdina  umbonifera  (Sch wager).     (PI.  XIV,  Figs.  lOo,  6.) 

Diseorbina  umbonifera^  Schwager,  1883 :   Palseontographica,  vol.  xxz,  Pal.  Theil, 
p.  126,  pi.  xxvii  (iv),  figs.  lia^. 

The  specimen  obtained  from  the  limestone  of  Sinai  is  apparently 
a  depauperated  or  irregularly  grown  individual  of  the  above  species. 
The  affinities  of  the  original  specimens  and  also  of  the  present  appear 
to  be  nearer  Truncatulina  than  Diseorbina,  Schwager's  specimens 
came  from  the  Libyan  Series  of  El-Guss-Abu-Said,  Egypt 

Coll.  Geol.  Surv.  Egypt,  No.  3,598.  Box  No.  13/.  Mokattam 
Series  (Middle  Eocene)  :  Wadi  Khadahid,  Sinai. 

RoTALiA,  Lamarck  [1804]. 

Rotalia  calcariformis  (Sch wager).     (PI.  XIV,  Fig.  11.) 

Diseorbina  ealcariformis,  Schwager,  1883  :   Palaiontographica,  vol.  xxx.  Pal.  Theil, 
p.  120,  pi.  xxvii,  tigs.  9a-d. 

The  specimens  seen  in  these  sections  show  a  true  rotaliform 
structure  in  the  shell-wall,  with  an  interseptal  canal  system. 
Schwager's  figures  also  show  secondary  shell -thickening,  and  we 
therefore  refer  them  to  the  genus  Rotalia.  R.  calcariformis  is  not 
far  removed  in  outline  from  R.  calcar  of  the  present  day,  but  since 
the  latter  species  shows  a  marked  tendency  to  vary  in  the  direction 
of  the  elongation  of  the  cuspid  processes  on  the  outer  segments, 
and  R.  calcariformis  has  a  somewhat  blunt  cusp,  the  two  series  of 
specimens  may  reasonably  be  kept  distinct. 

R,  calcariformis  was  found  in  the  argillaceous  beds  of  El-Guss* 
Abu-Said  (Libyan  Series),  Egypt. 

Coll.  Geol.  Surv.  Egypt,  No.  4,111,  Box  No.  IZ.  Mokattam  Series 
(Middle  Eocene)  :  top  of  Jebel  Abyad,  south  of  Wadi  Gharandel, 
Sinai.     Frequent. 
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Family  TSTJMMTJUmDJE. 
Sabfanuly   NUHHULITINiB!. 

OpnouuHA,  d'Orbigny  [1826]. 

Operadina  eawu^nata  (Defranoe},  Tar.  eanalifBrOt  d'Aiohiao. 
(PI.  Xm,  Kga.  8a,  4a ;  PL  XIY,  Fig.  12.) 

OptrrnHnm  mmmnm,  Lermarie  ^«t),  1844 :  H4m.  Soo.  g6oL  Franat,  mt.  n,  voLi» 

p.  S69,  pL  nii,  flg.  11. 
0.  cmMUfirm,  d'Axchlae,  1860 :  HM.  Fftg.  GM^  Tol.  iii,  p.  248.    D'Azeliko  k 

HiiiM,  1858 :  Deser.  Aniiii.  gnrape  mmnnnlitiqoe  Inda,  p.  182,  pL  xU, 

flgs.  \m-€ ;  and  toI.  ii  (185^,  p.  348,  pL  zxzr,  flg.  m  ;  pL  zzzri^ 

ilgs.  18«,  18«. 
0.  hk^cM,  Sehwager,  1888:   Fldaoatogn^bias,  Td.  zzx,  Fttl.  Theil,  p.  142, 

pi.  zxiz  (Ti),  ilgt.  2m-f. 

After  a  oareful  oompariaon'of  the  yarions  speoimena  of  the  large 
lad  oompreaaed  forma  of  Op§reidina  which  are  often  bo  abundant  in 
the  nnmmolitic  aeriea  and  aubaeqaent  formationa  of  Aeia,  Africa* 
Europe,  and  the  Weat  Indiea,  we  have  arrived  at  the  oonduaion  that 
the  ao-oalled  apeoiea,  bo  numeroaaly  deacribed  and  figured,  can  only 
be  regarded  aa  varietiea  of  the  type  form  0.  eomplanata  (Defrance). 
Theae  Tarietiea,  nevertheleaa,  when  confined  within  certain  limita  of 
characters,  determined  probably  by  the  influence  of  local  conditiona, 
will  prove  of  value  in  determining  facias  and  minor  aeriea  of  atrata 
in  given  areas. 

O.  eomplanaki,  var.  eanaUfira  is  characterized  by  the  rapid 
increaae  in  the  width  of  the  whorls  in  the  last  turn  or  so.  The 
surface  of  the  central  area  of  each  chamber  is  slightly  excavate,  and 
the  autural  lines  of  the  segments  are  often  marked  out  by  a  thick 
secondary  shell  growth.  Greatest  length  of  test  in  the  specimens 
from  Sinai,  f  inch  (10  mm.) ;  diameter  at  oral  extremity,  -fy  inch 
(7  mm.) ;  thickness,  -jV  inch  ('5  mm.). 

The  original  specimens,  described  by  d'Archiac,  were  from  the 
yellow  limestone,  Hala  range,  province  of  Gutch,  India,  where  it 
was  associated  with  Nummtdiles  Ramondi,  0.  eomplanata,  var. 
canalifera,  has  also  been  recorded  from  the  nummulitic  beds  of  Beni 
Hassan  and  Cairo,  Egypt,  and  from  Palestine  and  Bulgaria.  De- 
scribed under  the  name  of  0.  libyea  by  Sch wager,  and  recorded  by 
bim  from  the  Libyan  Series  of  El-Guss- Abu-Said. 

Coll.  Geol.  Surv.  Egypt,  Nos.  4,113  and  4,135,  Box  Nos.  41 
ftnd  32  respectively.  Libyan  Series  (Lower  Eocene)  :  junction  of 
Wadi  Baba  and  Wadi  Shell&l,  Sinai.  Abundant  and  typical.  Also 
So.  3,902,  Box  No.  151.  Libyan  Series  (Lower  Eocene) :  Jebel 
Krer,  Sinai.     Frequent,  but  somewhat  dwarfed  specimens. 

Opereulina  eomplanata  (Defrance),  var.  diseoidea,  Sch  wager. 

(PL  XIV,  Fig.  13.) 

Opereulina  ditcoideay  Schwager,  1883  :    PalsBontographica,  rol.  xxx,  Pal.  Thei], 

p.  145,  pi.  xzix  (yi),  figs.  ba-d. 
9,  cf.  canaliftraf  d'Arch.,  id.,  1883 :  ibid.,  p.  144,  pi.  xxix  (yi),  figs.  3a,  b. 

This  variety  is  distinguished  from  the  foregoing  by  the  even 
pfidth  of  the  whorls  of  the  shell,  which  increase  but  slightly  in  each 
urn  of  the  series. 
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Giimbel  has  figured  a  somewhat  similar  variety  from  the  nnmma- 
litio  series  of  Eressenberg,  Bavaria,  which  he  has  referred  to 
d'Arohiac's  Operetdina  canalifera.^ 

The  specimens  from  Sinai  measure  -sV  inch  (7  mm.)  in  the 
diameter  of  the  shell,  and  its  thickness  is  -jHr  inch  (*5  mm.). 

Schwager's  specimens  were  obtained  from  the  white  day  of  Ani4j 
(Mokattam  Series),  Egypt 

Coll.  Geo].  Surv.  Egypt,  No.  4,112,  Box  No.  22.  ?  Bartonian 
Series  (Upper  Eocene)  or  ?  top  of  Mokattam  Series  (Middle  Eocene) : 
beach  deposit,  Jebel  Abyad,  Sinai.    Common. 

Heterostbgina,  d'Orbigny  [1826]. 

Heierosiegina  depressa,  d^Orbigny.     (PI.  XUI,  Fig.  7a.) 

IIetero9t$gitia  dfpressa,  d'Orb.,  1826 :    Ann.  Sd.  Nat.,  toI.  yii,  p.  306,  No.  2, 
pi.  xvii,  ii^.  5-7 ;  Mod^es,  No.  99. 

The  specimens  now  under  description  are  very  distinctly  coiled 
at  the  commencement,  and  in  general  aspect  resemble  those  speci- 
mens which  belong  to  the  microspheric  form ;  and  which  are  rare  in 
oar  modem  marine  dredgings.  This  species  is  more  commonly  found 
in  the  later  Tertiaries,  but  it  is  not  entirely  absent  from  the  base  of 
the  Eocene. 

Coll.  GeoL  Surv.  Egypt,  No.  3,902,  Box  No.  151  Libyan  Seriei 
{Lower  Eocene) :  Jebel  Erer,  Sinai.    Bare. 

{To  be  eontinusd  in  our  next  Numbir,) 


VI. — The   Development  of   Bbown   Mioa   from   Augitx  by 
Reaction   with   Felspathio   Matebial. 

By  James  Paksons,  B.Sc,  (Lond.). 

f  PHE  conversion  of  augite  or  hornblende  into  brown  mioa  appears 
X     to  take  place  from  three  causes  : — 

1.  By  crushing  of  pyroxenic  minerals  and  felspar,  as  has  been 
observed  by  Professor  Bonney  in  sundry  gohista  of  the  Alps.' 

2.  By  the  intrusion  of  felspathio  material  into  a  rock  containing 
augite  or  hornblende,  as  in  the  Harz,  where  granite  invades  diabase, 
converting  the  augite  into  biotite.^  A  similar  change  has  been 
observed  in  the  gabbro  of  the  Barnavave  Mountain,  in  the  Carling- 
lord  district,  the  diallage  being  wholly  or  in  part  replaced  by  biotite 
owing  to  the  invasion  of  granophyrio  magma.^  In  Sark  the  intrusion 
of  an  aplitic  magma  into  almost  pure  hornblende  has  resulted  in  the 
formation  of  biotite.* 

3.  By  the  corrosive  action  of  a  residual  felspathio  magma  on 
previously  consolidated  augitic  constituents.  This  method  of  forma- 
tion has  been  noted  by  Mr.  T.  H.  Holland  in  the  augite-dioritee 

»  Abhandl.  bayer.  Akad.  Wiss.,  vol.  x  (1868),  1870,  p.  664,  pi.  ii,  figs.  112«,  *. 
-  (iJ.G.S.,  vol.  ilix,p.  104. 

3  K.  A.  Lessen:  Congres  Intcrnat.  Geol.  Comptes  Rendues  de  la  4»«  eesrion, 
1888,  p.  184. 

•  Sollas  :  Trans.  Roy.  Irish  Acad.,  vol.  ixx  (1894),  p.  477. 

*  honney:  Q.J.G.S.',  vol.  xlviii,  p.  122  et  seq. 
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>f  Soathan  India.  In  ihb  iimtaiioe,  after  angite  and  plajorioolase  had 
xmaolidated  a  hydrous  magma  was  left,  which  oltiinatdy  lolidified 
la  munopegmatifte;  thia  magma  acted  readily  on  the  au^te^  oon- 
reirting  it  into  biotite.^  Under  thia  head  the  following  obeerrationa 
m  acme  Norwegian  rocke  shoald  probably  be  olniied.* 

(1)  A  granite  from  Almaa  ehows  a  umilar  proceu  of  change  to- 
diat  obaerved  in  the  above-mentioned  aogite-dioritee.  The  principal 
ocmatitiients  of  the  rook  are,  oligoclaae,  orthoclaie,  angite  of  the 
pale-green  non-alnminona  ^pe  (jnmlite),  which  commonly  occnn  in 
{ranite,  biotite,  and  ephene.  The  biotite  ia  developed  round  the 
KUgite,  which  ia  much  corroded,  paeaiog  into  it  along  ita  cleavage 
araoke,  in  auoh  a  way  that,  in  many  cases,  the  line  of  division  is 
fixed  with  diflBonlty.  The  two  minerals  are  curiously  intergrown, 
bot  not  in  such  a  way  as  to  suggest  simultaneoua  crystallization,  for 
while  the  biotite  invades  the  augite  from  the  outside  it  does  not 
fimn  isolated  inclusions  in  the  latter.  The  quartz  and  orthodase 
ooonr  as  a  mosaic  of  varying  coarseness  and  of  later  date  than  the 
oligoolase,  and  locally  form  patches  of  micropegmatite.  The  mosaic 
attends  in  narrow  seams  between  the  digoclase  crystals,  broadening 
oat  at  their  angles  to  fill  the  intercrystalline  spsoes.  It  is  largely 
developed  round  the  augite-biotite  aggregate,  the  grains  sepan^g 
the  flakes  of  biotite  at  the  margins  of  the  main  masses.  AppsMances 
suggest  that  the  msgma,  from  which  the  quartz  and  orthodase 
formed,  e£Eected  the  corrosion  of  the  augite  and  subsequent  devdop- 
ment  of  the  biotite  in  the  manner  suggested  by  Mr.  Holland.  The 
sphenes  occur  as  idiomorphic  crystals,  and  are  the  earliest  con- 
stituents of  the  rock,  for  they  are  included  in  the  angite,  which 
is  itself  earlier  than  the  oligoolase.  Where  present  in  the  biotite 
or  in  its  immediate  neighbourhood  they  are  much  corroded  and 
cracked.  The  iron  of  the  augite  appears  to  be  completely  used  up 
in  forming  the  biotite,  for  though  a  few  grains  of  magnetite  occur, 
these  are  due  to  the  subsequent  hydration  of  the  mica  acoompcmied 
by  the  formation  of  a  chlorltio  mineral.  A  little  hornblende  is 
present,  apparently  secondary,  after  augite. 

(2)  An  augite-syenite  from  Svenore  well  shows  the  conversion 
of  augite  into  dark  mica.  This  rock  is  closely  allied  to  the  well- 
known  Lauvigite.  The  felspars  are  orthodase,  apparently  of  twa 
varieties,  with  a  little  plagioolase.  They  exhibit  microperthitic 
inteigrowth,  and  this  in  many  places  at  their  margins  passes  into 
micropegmatite.  The  augite  is  of  two  types :  (i)  Pale  brown,  slightly 
pleochroio,  showing,  in  the  central  portions  of  the  crystals,  good 
deavage  marked  by  the  deposition  of  iron  oxide  in  the  cracks,  which 
occasionaliy  assumes  the  form  of  negative  crystals.  Incipient 
diallagic  cleavage  may  be  observed,  traversing  the  earlier  prismatic 
one.  This  augite  is  much  corroded  by  the  felspars,  its  margin 
being  in  some  plaoes  curiously  broken  up  and  intergrown  with  the 

1  Q.J.a.S.,  Tol.  liii,  p.  405. 

'  I  am  indebted  to  Ftofeesor  Bonney  for  the  opportunity  of  studying  these  shoes, 
which  belong  to  his  collection. 
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sarroanding  felspar  in  a  manner  approaobing  mioropegmatita. 
(ii)  A  pale -green  augite,  irregularly  oracked,  probably  sablite. 
It  ooours  in  roanded  fragments,  whicb  in  places  have  been  broken 
ap  and  separated.  Biotite  is  chiefly  developed  ronnd  tbe  fint- 
named  aagite,  and  it  occurs  only  when  that  mineral  is  in  oontaot  with 
the  felspar,  and  has  been  manifestly  corroded  by  it  With  ordinaiy 
light  it  is  often  impossible  to  say  where  the  passage  of  augite  into 
mica  commences,  for  its  first  manifestation  is  a  very  faint  brown 
tinting.  With  crossed  nicols  the  first  indication  of  its  development 
is  a  marked  increase  of  intensity  in  the  polarization  tints,  along 
a  narrow  zone  at  the  junction ;  this  presently  shows  the  obaraoteristio 
mica  cleavage,  and  varies  in  colour  from  a  very  light  brown  to 
a  dark  bright  brown.  Beyond  the  latter  magnetite  is  developed. 
On  the  other  side  of  the  mass  of  magnetite  the  augite  shows  irregular 
cracks  in  which  the  magnetite  is  deposited,  and  beyond  this  the 
regular  cleavage  sets  by  marked  iron  oxide,  as  mentioned  above. 
It  should  be  understood  that  though  this  order  of  sequence  is 
apparently  constant,  yet  any  stage  owing  to  the  irregularities  of 
the  decomposition  may  be  locally  very  poorly  shown  or  even  absent 
In  some  cases  the  augite  is  completely  decomposed,  and  there 
remains  only  a  core  of  magnetite  with  a  corona  of  mioa,  darker  in 
colour  near  it  and  lighter  in  contact  with  the  felspar.  The  pale- 
green  augite  does  not  so  readily  develop  mica  as  the  other  varietj) 
though  its  smaller  fragments  show  in  places  an  abundant  maiginal 
growth. 

Much  serpentinization  occurs  along  its  cracks,  accompanied  by 
the  formation  of  a  little  mica.  Both  these  facts  confirm  the  idee 
that  this  is  a  non-aluminous  augite.  It  is,  however,  rich  in  iron 
oxide,  which  is  largely  excreted  in  the  formation  of  mica  and  the 
serpentinization.  Apatite  is  an  abundant  constituent  of  the  rock, 
the  larger  crystals  acting  as  the  nuclei  round  which  the  augite 
consolidated. 

(3)  A  similar  formation  of  dark  mica  from  augite  maybe  observed 
in  Lauvigite,  which  closely  resembles  the  Svenore  syenite  described 
above.  The  rock  is  too  well  known  to  require  detailed  description, 
but  in  the  present  connection  the  following  points  may  be  noted. 
The  augite  is  of  two  types :  (i)  pale-brown,  slightly  pleochroic,  with 
incipient  diallagic  cleavage;  (ii)  pale -green  sahlite,  irregularly 
cracked,  some  serpentine  and  a  little  biotito  forming  along  the 
cracks.  This  is  earlier  than  the  first-named  augite  and  in  many 
places  is  enclosed  by  it.  The  felspathic  mixture  (anorthite, 
microperthito)  has  much  corroded  the  augite,  with  which  at  its 
margins  it  is  in  places  intimately  intergrown.  Round  the  augite 
mica  is  developed,  the  one  passing  almost  insensibly  into  the  other 
as  already  described,  and  the  same  darkening  of  the  mica  and  final 
formation  of  magnetite  occurs  as  the  distance  from  the  felspar 
increases.  The  felspathic  magma  has  in  places  invaded  the  augite, 
producing  in  its  centre  patches  of  dark  mica  which  appear  at  first 
sight  to  be  isolated  inclusions.  Here  also  the  mica  is  only  formed 
with  difficulty  in  the  sahlite. 
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(4)  A  gabbro  from  Hamlebak  afifords  an  interesting  example  of 
:be  corrosion  of  a  felspar  by  augitic  magma,  resulting  in  the 
formation  of  brown  mioa.  In  this  case  the  felspar  is  labradorite, 
30oarring  in  idiomorphic  crystals,  roand  which  the  aagite,  a  colour- 
less variety,  extends  in  ophitic  fashion.  The  felspars  are  much 
cx>rroded  and  in  part  melted  down,  thus  enclosing  small  portions  of 
the  angite.  Bound  the  edges  of  the  felspar,  mica  is  developed, 
appearing  at  the  outset  as  a  faint  brown  tinting  of  the  augite.  At 
first  the  cleavage  of  this  mineral  is  alone  apparent  as  a  rule,  though 
occasionally  traces  of  the  mica  cleavage  may  be  discovered  parallel 
to  one  of  the  cleavage  planes  of  the  augite.  There  are  indications 
that  at  this  earliest  stage  a  mixture  of  augite  and  mica  is  present, 
or  rather,  a  solution  of  mica  in  the  augite  is  suggested.  In  one 
instance  where  a  felspar  lath  is  surrounded  by  biotite,  obviously 
derived  from  augite,  it  has  lost  almost  half  its  bulk  by  corrosion, 
and  the  remainder  appears  to  be  permeated  by  augitic  material, 
converting  it  into  a  colourless  mica  whose  cleavage  planes  are 
continuous  with  those  of  the  biotite  on  each  side.  The  mioa  when 
traced  inwards  from  the  margin  of  the  augite  loses  its  scaly 
appearance,  due  to  the  cleavage  of  that  mineral,  becomes  more 
compact,  and  develops  its  own  cleavage.  At  first  it  is  a  straw 
colour,  then  it  becomes  a  dark  bright  brown,  and  finally  magnetite 
is  formed ;  and  in  the  larger  augite  grains  this  is  followed  by  an 
irregularly  cracked  zone  which  passes  into  a  central  portion  showing 
fine  cleavage  striation.  With  this,  as  a  rule,  the  outer  portion  is  in 
optical  continuity.  When  the  augite  is  more  remote  from  and 
unaltered  by  the  felspar,  it  is  twinned  sometimes  more  than  once 
parallel  to  the  orthopinacoid  ;  this,  combined  with  basal  cleavage 
striation,  giving  the  well-known  hernng-bone  structure.  In  the 
smaller  augite  grains  the  conversion  into  mica  and  magnetite  is 
sometimes  complete,  a  corona  of  light  mica  surrounding  the  bright 
brown  mica,  and  in  most  cases  a  core  of  magnetite  occupying  the 
centre  of  the  grain.  The  following  explanation  may  be  offered  of 
the  transition  shown  in  this  rock  and  the  syenites  : — where  the 
felspar  is  in  contact  with  the  augite  a  mica  is  formed,  poor  in  iron 
and  rich  in  alumina,  probably  phlogopite,  while,  as  the  distance 
from  the  felspar  increases,  ferric  oxide  takes  the  place  of  alumina, 
resulting  in  lepidomelane,  biotite  being  formed  as  an  intermediate 
stage,  and  finally,  beyond  the  limit  to  which  the  felspathic  magma 
permeated,  magnetite  is  excreted. 

Thus  the  normal  order  of  change  seems  to  be  as  follows 
(commencing  from  the  side  of  the  felspar)  :  (1)  fusion  of  felspar 
and  augite  with  faint  brown  tinting  of  the  augite,  due  to  incipient 
development  of  mica;  (2)  pale-brown  mica  (phlogopite);  (3) 
biotite ;  (4)  dark  red-brown  mica  (lepidomelane)  ;  (5)  intimate 
mixture  of  dark  mica  and  magnetite;  (6)  mass  of  magnetite;  (7) 
augite  with  irregular  cracks  in  which  magnetite  is  excreted,  which 
is  followed  by  augite  with  fine  cleavage  striation. 
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VII. — The  Rate  of  Erosion  of  some  Biter  Yallkts. 

By  C.  C.  Brittlbbaitk,  Esq. 

(Bead  before  the  Geological  Section  of  the  Australasian  Anociation  for  the 
Advancement  of  Science,  Melboome  Meeting,  Janiiarjy  1900.) 

THE  district  in  which  these  observations  have  been  made  ii 
a  very  suitable  one  for  sach  experiments,  and  is  sitoated  from 
2  to  12  miles  from  Baoohus  Marsh  and  from  32  to  64  miles  west  of 
Melbonme. 

The  chief  streams  which  pass  through  the  above  area  are  the 
Werribee  and  Lerderderg  Rivers  with  &eir  tribatary  oreeka.  The 
oonntry  is  somewhat  rough,  being  intersected  by  numerous  deep 
gorges  and  wide  flat-bottomed  valleys. 

Early  in  1892,  when  working  on  the  glacial  deposits  of  Baoohot 
Marsh,  I  was  greatly  astonished  at  the  immense  amount  of  work 
done  by  those  puny  streams,  which  have  in  places  out  fiuriy 
narrow  gorges  and  valleys  through  solid  rock,  to  a  depth  in  one 
place  of  at  least  over  1,000  feet. 

It  occurred  to  me  that,  if  by  any  means  I  was  able  to  ascertain  the 
amount  of  rock  worn  off  the  river  bed  within  a  given  time,  I  shoold 
be  able  to  arrive  at  an  approximate  estimate  of  the  time  the  riven 
have  been  cutting  their  channels.  Even  without  detailed  observa- 
tion we  should  expect  that  a  vast  period  had  elapsed  since  the 
streams  first  ran  on  the  surface  of  the  basaltic  tableland.  I  WMk 
however,  hardly  prepared  for  the  enormous  time  which  my  observa- 
tions show,  more  especially  as  the  erosion  is  subsequent  to  the  flow 
of  newer  basalt 

After  thinking  the  matter  over,  and  striving  to  devise  some 
method  other  than  the  level,  I  hit  on  a  somewhat  rough  and  readj 
plan,  and  it  is  from  these  measurements,  taken  over  a  period  of  five 
years,  that  my  provisional  estimate  has  been  obtained.  My  method 
is  as  follows : — A  number  of  holes  are  drilled  in  lines  across  the 
river  bottom — if  in  soft  rook,  one  inch  in  diameter  by  three  inches 
deep,  and  one  inch  by  two  inches  in  bard  dense  rocks.  Into  these 
holes  are  placed  a  number  of  wires  which  have  been  carefully 
measured,  cut,  and  fastened  by  solder  into  small  bundles  containing 
from  20  to  100  according  to  the  hardness  of  the  rock.  The  wires 
being  placed  in  tbe  holes  with  the  longest  wire  exactly  flush  with 
the  rock  surface,  cement  is  poured  in  and  allowed  to  harden.  As 
various  kinds  of  wire  have  been  used  in  the  softer  rocks,  a  strip  of 
slate  pencil  of  equal  length  to  tbe  longest  wire  is  placed  in  eadi 
hole  ;  this  acts  as  a  check  on  the  wire  in  case  of  corrosive  action. 

Now  as  the  surface  of  the  river  bed  is  worn  away  the  end  of 
a  fresh  wire  is  exposed  for  every  hundredth  part  of  an  inch  removed 
from  the  harder  rocks,  and  one  for  every  fifth  or  twentieth  of  an  inch 
in  the  softer  rocks. 

There  is  reason  to  suspect  from  geological  evidence  that  the  gorge 
of  the  Lerderderg  Hiver  above  the  alluvial  flats  is  of  much  greater 
age  than  that  of  the  Werribee.  Prior  to  the  flow  of  newer  basalt 
the  Lerderderg  had  cut   a  fairly  deep   channel,  as  had  also  tlio 
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incient  Werribee,  bat  the  latter  was  blotted  out  of  existeDce  by  the 
lows  of  basalt  The  Lerderderg,  being  guarded  by  high  Silurian 
ranges  on  the  south  over  which  the  lava  did  not  rise,  oontinned  in 
the  same  channel  as  it  now  occupies.  I  will  therefore  confine  my 
remarks  to  the  Werribee  and  tributary  creeks. 

The  formations  through  which  the  Werribee  has  cut  are :  Lower 
Silurian  (Ordovician),  granite,  Glacial  Series,  fresh- water  '  Miocene ' 
gravels,  and  basalts,  both  older  and  newer.  The  newer  basalt  has 
&t  one  time  formed  an  extensive  plateau  from  Mt.  Blackwood,  the 
Lerderderg  Ranges,  and  Ballan  on  the  W.  and  N.W.  to  the  Brisbane 
EUnge  and  the  plains  on  the  S.  and  S.E.  The  surface  slope  is  to  the 
B.E.,  and  is  broken  here  and  there  by  ridges  and  hills  of  the  various 
older  formations  which  stand  at  a  higher  level.  In  making  my 
observations  I  have  used  the  present  surface  of  the  basaltic  plateau 
EU9  a  bench  mark.  Careful  measurements  have  been  taken  from  the 
surface  to  the  river  bed  at  all  places  where  erosive  action  is  being 
checked. 

The  different  rocks  through  which  the  rivers  have  cut  their 
valleys  greatly  influence  the  amount  and  direction  of  erosion  and 
denndation.  I  find  that  the  resistance  offered  by  the  various  geological 
formations  to  the  erosive  power  of  river  action  is  in  the  following 
order :  Basalt,  Silurian  Granite,  Glacial  Series,  Miocene  ferruginous 
gravels.  Jointing,  dip,  strike,  dykes,  and  bands  of  hard  rock  have 
considerable  influence  in  aiding  or  retarding  the  river  action. 
Fallen  rook  masses,  especially  huge  blocks,  check  erosion  to  a  con- 
siderable extent  A  band  of  hard  rock  crossing  the  river  valley 
acts  in  two  ways,  first  by  contracting  the  channel  and  second  by 
checking  vertical  erosion  below  its  own  level  on  the  up  side. 
Numbers  of  these  bands  cross  the  stream,  and  many  of  my  observations 
have  been  taken  from  them.  Probably  the  best  position  for  observing 
the  wearing  of  any  river  channel  is  at  the  outer  angle  of  a  sharp 
bend.  At  such  places  the  bed  is  almost  always  free  from  boulders, 
gravel  and  sand.  Moreover,  by  the  constant  undermining  action 
of  the  river  an  almost  vertical  cliff  is  formed  on  the  outer  bend. 
The  greatest  advantage,  however,  lies  in  the  fact  that  the  upper 
part  of  the  river  rarely  moves  from  side  to  side,  but  cuts  a  fairly 
straight  course  through  the  country. 

I  had  expected  that  the  erosion  of  the  river  valleys  would  be 
carried  on  at  a  comparatively  rapid  rate,  but  after  many  observations 
along  their  courses  I  find  the  amount  removed  in  a  period  of  five 
years  is  very  small,  so  small  in  fact  that  had  the  amount  not  been 
checked  at  numerous  points  I  should  hesitate  to  place  on  record 
the  results,  but  having  undertaken  the  observations  with  this  object 
in  view  I  give  the  average  obtained  at  many  separate  stations  on 
the  Werribee  and  tributary  creeks. 

Basalt  0*02  inches  in  5  years  =  1  inch  in  250   years. 

Silurian  003        „        „        =        ,,       166|    „ 

Granite  004        ,,        ,,        =        ,,       126      ,, 

Glacial  0*05        ,,        „        =        „       100      „ 

Having  ascertained  the  amount  of  erosion  over  a  given  ^etvod^  \^ 
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is  neoessary  to  oaloulate  the  time  taken  to  out  the  oliff  sectionB.  To 
be  as  brief  as  possible  I  have  seleoted  three  seotions  on  the  Werribee 
between  Baochus  Marsh  and  Ballan. 


(1)  Glacial 
Silurian 

•  •  • 

•  •  • 

•  •  • 
■  •  • 

Thicknesi. 
195  feet 
416  „ 

•  •  • 

•  •  • 

Time  required  for  cutlQg. 
234,000  jeait. 
8S0,O00     „ 

Toua 

•  •  • 

•  •  • 

610 

» 

•  •• 

•  •  • 

1,064,000 

»» 

(2)  Basalt 
Glacial 
Granite 

•  •  • 

•  •  V 

■  •  • 

•  •  • 

•  •  • 

236 

60 

176 

>» 

•  •  « 

•  •  • 

•  •  • 

•  •  • 

•  ■  • 

706,000 

72,000 

264,000 

tt 

Total 

•  •  • 

•  •  ■ 

471 

>> 

•  •  • 

■  •  • 

1,041,000 

tt 

(3)  Basalt 
Glacial 
Silurian 

•  •• 

•  •• 

•  •  • 

•  •  • 

•  •  • 

•  •• 

240 

98 

122 

•  •  • 

•  ■  • 

•  •  « 

•  •  • 

•  •  • 

•  •  • 

720,000 
117,600 
244,000 

tt 
tt 
tt 

Total 

•  •  • 

•  •  • 

460 

»» 

•  •• 

•  •  • 

1,081,600 

>» 

In  oompiling  these  notes  I  have  assumed  that  the  rainfall  has  not 
been  greater  in  past  ages,  say  sinoe  the  flow  of  newer  basalt,  than  it 
is  on  the  average  at  the  present  time. 

VIII. — On  the  Napabiha  Books,  Tbinidad. 

By  R.  J.  Lbchmb&b  Guppt,  Esq. 

I  HAVE  received  a  oopy  of  the  paper  by  Messrs.  Harrison  and 
Jukes-Browne  on  the  Ooeanio  Deposits  of  Tnnidad,  and  wish 
to  place  on  record  a  few  remarks  on  it. 

In  the  first  place  I  must  compliment  these  gentlemen  upon  the 
manner,  at  the  same  time  courteous  and  impartial,  in  which  they 
have  dealt  with  my  work. 

Our  authors  state  that  my  writings  leave  both  the  nomenclature 
and  the  succession  of  the  Trinidad  Tertiaries  in  a  very  uncertain 
state.  I  am  afraid  that  there  is  much  of  truth  in  this  statement ;  and 
I  should  feel  satisfaction  could  I  clear  up  the  uncertainty  either  by 
producing  evidence  of  a  nature  distinctly  confirming  or  distinctly 
refuting  Professor  Harrison's  opinion  that  the  Nariva  Series  is  older 
than  the  other  Naparima  beds,  and  that  the  Sanfernando  beds  are 
closely  connected  with  and  are  probably  an  upward  continuation  of 
the  Nariva  Series.  I  have  not  been  able  to  .satisfy  myself  with 
positive  certainty  either  one  way  or  the  other.  Our  authors  admit 
themselves  that  no  sections  were  seen  showing  the  junction  of  the 
two  formations,  but  they  consider  that  there  is  abundant  evidenoe 
that  the  two  series  occupy  the  relative  positions  assigned  to  them 
by  the  geological  surveyors.  I  am  not  so  wedded  to  my  own 
opinion  that  I  would  not  welcome  theirs  if  I  could  be  satisfied  aboat 
this  evidence.  But  so  far  as  I  know,  no  evidence  of  a  conclusive 
nature  is  forthcoming,  as  in  no  place  is  the  junction  of  the  two  series 
8een.  A  similar  doubt  formerly  prevailed  respecting  the  junction  of 
radiolarian  and  foraminiferal  beds ;    but  this  has  been  dispelled, 


B,  J.  L.  Ouppy — Naparima  Bocks,  Trinidad,  328 

ind  we  are  now  aware  that  these  two  series  pass  gradually  and 
oonformably  one  into  the  other.  A  similar  result  may  hereafter 
happen  in  regard  to  the  Naparima  marls  and  the  Nariva  Series.  In 
the  meantime  my  opinion  is  based  mainly  upon  conjeotnre,  though 
one  point  weighs  a  good  deal  with  me,  that  is,  the  strong  resemblance 
of  the  Nariva  beds  to  the  strata  now  being  deposited  in  the  gulf 
derived  from  the  degradation  of  the  Naparima  beds;  and  if  this 
inference  is  correct  the  Nariva  Series  must  be  later  in  date  than 
the  foraminiferal  marls.  The  resemblance  I  refer  to  is  one  not 
only  of  mineral  composition  and  mechanical  aggregation,  but  of 
organic  contents,  inasmuch  as  some  of  the  deposits  now  being  laid 
down  and  (notably  those  off  the  mouth  of  the  Sipero  river)  contain 
foraminifera  of  the  same  character  and  in  similar  condition  and  of 
similar  frequency  of  occurrence  as  the  Nariva  beds.  To  take  an 
example,  Olohigerina  is  a  very  abundant  organism,  both  in  the  mud 
deposits  off  Sanfemando  and  in  the  Nariva  beds,  but  in  both  these 
deposits  it  is  relatively  much  less  abundant  than  in  the  foraminiferal 
marls ;  and  the  relative  infrequenoy  of  occurrence  is  due  to  the 
destruction  of  the  fossils  in  the  course  of  the  denudation  and 
redeposition  of  the  marls.  No  such  foraminifera  now  exist  or  can 
exist  in  a  living  state  in  the  gulf,  though  in  my  very  first  dredgings 
off  Sanfernando  I  recorded  Globigerina  at  every  haul  in  shallow 
water  near  the  shore.  That  was  before  I  had  recognized  Olohigerina 
in  the  rocks  of  Naparima,  and,  as  I  have  already  stated,  the 
foraminifera  so  dredged  by  me  were  fossils  derived  from  tbe 
Naparima  marls.  Also,  I  consider  that  tbe  abundance  of  gypsum 
in  the  Nariva  Series  is  due  to  the  breaking  down  and  redeposition 
of  the  foraminiferal  marls,  in  course  of  which  the  carbonate  of  lime 
existing  in  the  latter  was  partly  changed  into  sulphate. 

Bespecting  the  nature  and  origin  of  the  Argilino  of  Naparima 
Hill,  I  somewhat  timidly  expressed  my  opinion  in  former  papers. 
As  I  find  that  Messrs.  Harrison  and  Jukes-Browne  are  substantially 
of  the  same  opinion  as  myself  on  the  subject,  I  may  take  the 
opportunity  of  restating  it.  The  nature  and  origin  of  the  Argiline 
are  similar  to  those  of  the  Naparima  foraminiferal  and  radiolarian 
marls,  and  it  contained  similar  Radiolaria  and  Foraminifera.  But 
the  Argiline  has  undergone  a  change  consequent  upon  an  alteration 
in  the  form  of. its  silica;  a  change  analogous  to  that  which  has 
taken  place  in  part  of  the  so-called  '  cement '  of  the  White  Hills 
of  Bendigo,  Australia,  described  by  me  in  the  Proceedings  of  the 
Geologists'  Association  of  London,  1864,  p.  409,  and  which  consists 
in  an  induration  by  probably  a  partial  solution  and  redeposition  of 
the  siliceous  constituents.  The  whole  mass  of  Naparima  Hill  is 
thus  affected ;  but  a  similar  change  has  partially  and  locally  affected 
other  portions  of  the  Naparima  rocks. 

To  my  description  of  the  Argiline  of  Naparima  Hill  published 
in  the  Geological  Society's  Journal,  November,  1892,  p.  526,  should 
be  added  the  remarks  contained  in  my  paper  in  the  Trinidad  Field 
Naturalists'  Journal,  1893,  p.  7,  as  follows:  "Beds  of  different 
texture  occur  in  the  Argiline,  some  being  more  sand^  va  ^om^Q«v\Sssti. 
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In  these  I  have  found  very  evident  organic  remainB,  though  I  oannot 
yet  say  exactly  what  they  are.  In  another  stratum  of  the  same  rock, 
I  found  two  or  three  identifiable  Foraminifera,  namely,  JhtUema 
and  Spharoidina,  both  deep-water  forms."  J.  W.  Gregory  found 
indeterminable  fragments  of  Badiolaria  in  this  rook,  and  I  can 
confirm  this  observation,  such  remains  being  abundant. 

It  is  singular  that  no  attempt  was  ever  made  to  ascertain  whether 
water  could  be  obtained  from  beneath  the  Naparima  Bocks.  Previous 
to  my  arrival  in  the  island  (1859),  the  Government  offered  a  reward 
of  £2,000  for  the  discovery  of  water  by  means  of  an  artesian  well 
in  Naparima.  One  would  have  thought  that  that  would  have  been 
sufficient  encouragement  for  such  an  attempt.  A  close  ezaminatioD 
of  the  physical  features  and  geology  of  the  country  might  afibrd 
to  an  observant  eye  and  a  sanguine  mind  further  encouragement 
for  a  prosecution  of  the  search  for  subterranean  water.  In  my 
paper  on  the  water-bearing  capacities  of  Trinidad  Rocks  (published 
in  the  Trinidad  Agricultural  Record,  1891),  also  in  my  paper  in  the 
Journal  of  the  Geological  Society  already  quoted,  I  gave  a  description 
of  the  marls  of  Naparima,  showing  that  these  rocks  do  not  yield 
springs,  nor  do  they  contain  water  except  in  union  with  the  rod:- 
It  is  true  the  rock  (marl)  is  capable  of  union  with  any  quantity  of 
water,  but  it  will  not  give  up  this  water  except  by  the  process  of 
evaporation.  I  had  not  mentioned  the  fact,  however,  that  in  one 
or  two  places  in  Naparima  there  are  at  the  bottom  of  ravines  or 
gullies  springs  of  water  which,  though  too  small  to  give  rise  to  any 
stream,  being  rapidly  absorbed  by  the  soil  or  dissipated  by  evapora- 
tion, serve  to  a  very  limited  extent  for  drinking  and  washing 
purposes.  Their  existence  is  usually  obvious  to  the  wayfarer,  for 
they  assail  his  senses  by  the  view  of  liuen  spread  on  bush  and  grass, 
the  smell  of  foul  water,  and  the  noise  of  banging  and  beating  of 
clothes  characteristic  of  the  Creole  way  of  washing.  Now  it  has 
occurred  to  me  that  these  springs  arise  from  the  rock  vertically 
underlying  the  marls,  and  that  they  only  occur  where  the  depth  of 
the  marl  above  the  underlying  rock  is  not  great.  This  underlying 
or  hypogene  rock  I  suppose  to  be  an  extension  of  the  hypogeue  or 
granitoid  rocks  of  South  America. 

I  am  satisfied  now  that  the  Naparima  deposits  are  not  a  continuous 
series  of  formations  of  several  thousands  of  feet  in  thickness,  hat 
that  the  rocks  as  shown  in  section  are  several  repetitions  of  the 
same  beds  or  series  of  beds.  As  these  beds  are  now  almost  vertical, 
it  is  evident  that  the  movements  which  have  brought  about  the 
alteration  in  position  have  been  very  extensive,  and  the  inter- 
mediate and  connecting  portions  of  the  strata  have  been  removed 
by  denudation. 

In  my  paper  on  the  Gulf  of  Paria,  printed  in  the  Proceedings  of 
the  Victoria  Institute  of  Trinidad,  1894,  p.  106,  I  touched  cursorily 
on  the  remarkable  depression  between  Trinidad  and  Venezuela 
passing  through  the  Bocas.    I  reproduce  here  what  I  there  wrote  '--^ 

**  The  Bocas  are  narrow  channels  connecting  the  Gulf  of  Pari* 
with   the  Caribean  Sea.      These  channels  have  had  their  origin 
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as  subaanal  valleys,  now  submerged.  (See  papers  in  Proceedings 
Soientific  Association,  1877,  p.  103,  and  Agricultural  Record,  1891, 
p.  79.)  The  first  Boca  (Boca  de  Monos)  is  barely  balf  a  mile  wide, 
the  second  (Boca  Huevos)  a  little  wider.  The  third  (Boca  Navies, 
so  called,  I  suppose,  because  ships  do  not  use  it),  about  the  same. 
The  Grand  Boca  is  about  six  miles  wide.  These  widths  may  be 
taken  to  be  the  clear  widths  in  the  narrowest  parts.  The  rapid 
carrents  through  these  channels  have  kept  them  scoured  out,  and 
the  depth  reaches  120  fathoms.  No  mud  or  sand  of  any  kind  is 
deposited  in  these  Bocas.  The  bottom  is  one  of  rooky  inequalities 
whose  existence  is  evidenced  in  the  violent  eddies  and  ripples  of  the 
so-called  'remu,'  a  phenomenon  which  occurs  when  the  water 
oatside  the  Bocas  is  at  its  lowest  and  consequently  the  water  surface 
gradient  from  the  middle  parts  of  the  Gulf  the  greatest.  Outside 
the  Gulf  the  Caribean  Sea  varies  in  depth  from  20  to  60  fathoms 
except  in  the  line  of  the  great  downthrow  passing  along  the  axis 
of  the  Grand  Boca.  Here  the  depth  attains  120  fathoms,  and  is 
probably  not  less  than  90  in  any  part  This  line  of  depression 
seems  to  be  a  terrestrial  feature  of  some  magnitude,  its  extension 
north-eastward  from  the  Boca  Grande,  between  the  islands  of 
Grenada  and  Tobago,  is  indicated  by  deep  water  marking  the 
boundary  between  the  volcanic  region  of  the  Antilles  and  the 
non-volcanic  region  to  the  south  and  east  thereof." 

It  is  strange  now  to  myself  that  in  writing  my  paper  on  the 
Microzoic  Deposits  of  Trinidad  I  should  have  given  so  little  weight 
to  the  bearing  the  existence  of  this  depression  must  have  on  any 
theory  of  the  movements  of  the  earth's  crust  in  this  region.  I  am 
unable  now  to  go  further  into  this  subject,  but  I  cannot  forbear 
pointing  out  that  this  great  depression  of  a  portion  of  the  earth's 
surface,  which  evidence  clearly  shows  to  have  been  formerly  a  con- 
tinuous land  surface,  had  most  probably  an  intimate  connection  with, 
or  rather  was  part  of,  those  movements,  which  among  other  events 
broke  up  and  elevated  the  Naparima  Rocks  and  tilted  them  on  edge. 

IX. — Two  New  Species  of  Ostraooda  op  Tithonian   Age  from 

Nesselsdorf,  Austria. 

By  Frederick  Chapman,  A.L.S.,  F.R.M.S. 

''IIHE  following  descriptions  of  Ostracoda  from  the  Tithonian  of 
1.      Austria  relate  to  specimens  kindly  forwarded  to  me  by  Dr.  M. 
Bemes.     They  were  obtained,  together  with  numerous  other  fossils, 
including  Foraminifera,  from  the  Red  Limestone  of  Nesselsdorf. 

The  Ostracoda  seem  to  be  very  rare  in  these  beds,  for  the  two 
specimens  now  described  were  the  only  forms  obtained  by  Dr.  Bemes, 
whilst  other  microzoa  were  fairly  numerous. 

Bythooypris,  G.  S.  Brady  [1880]. 

Bythocypris  (?)  Jurassicaj  sp.  nov.     (Figs,  la-c.) 

Carapace  somewhat  compressed ;  from  the  side  subreniform,  the 
greatest  height  a  little  in  front  of  the  middle,  anterior  extremity 
broad  and  rounded,  posterior  rounded  but  narrows.    "Ei^^'b  Vw«^ 
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anteriorly  rather  sharp,  posteriorly  slightly  swollen.  End  view, 
dorsal  edge  acute,  ventral  well-rounded.  Snrfaoe  of  shell  finely 
punotate ;  this  latter  feature  renders  the  generic  determination  as 
ByihoeyprU  a  little  doubtfuL  Length,  *56  mm. ;  height,  *26  mm. ; 
thickness  of  carapace,  18  mm. 

From  the  Bed  Limestone  of  Nesselsdorf,  Austria  (IHthonian). 

This  species  approaches  B.  reni/ormii,  Brady,^  in  general  form, 
but  in  the  side  view  of  the  latter,  the  posterior  extremity  is  mor» 
broadly  rounded. 


(D'         Q' 


Fio.  1. — Bythocypris  Jurasticaf  sp.  dot.     Fio.  2. — Bairdia  Nusteldor/tnsit,  sp.  noT. 
X  30.  X  30. 

Baibdia,  McCoy  [1844]. 
BairdialNeiBehdorfenM,  sp.  noT.     (Figs.  2a-c.) 

Lateral  view  of  carapace  subtriangular,  dorsal  margin  boldly 
arched,  ventral  nearly  straight,  but  slightly  incurved  near  the  lowest 
third.  The  postero-dorsal  margin  incurved,  postero-ventral  angle 
rounded.  The  antero  -  dorsal  margin  with  numerous  small  and 
pointed  tubercles.  Edge  view  elliptical,  with  rounded  ends  ;  edges 
of  right  valve  embraced  by  the  left.     End  view  subcircular. 

Length,  '6  mm. ;  height,  -25  mm. ;  thickness  of  carapace,  *26  mm. 

From  the  Red  Limestone  of  Nesselsdorf,  Austria  (Tithonian). 


I^  E  "V  I  E  "W  S- 

L— On  a  Collection ^'of  Stone  Implemknts  in  the  Matib 
Museum,  made  by  Mr.  U.  W.  Seton-Kabb  in  the  Minks 
OF  THE  Ancient  Egyptians,  discovebed  by  him  on  thk 
Plateaux  of  the  Nile  Valley.  By  Henry  O.  Forbes, 
LL.D.,  Director  of  Museums  to  the  Corporation  of  Liverpool- 
Reprinted  from  Bulletin  Liverpool  Museum,  II,  Nos.  3  and  4 
(20th  January,  1900).     With  Illustrations. 

WE  have  here  the  results  of  Mr.  H.  W.  Seton-Earr*s  examination 
and  survey  of  the  district  where  he  collected  stone  implements 
in  two  of  his  Egyptian  journeys  (189G  and  1897),  together  with  his 
account  of  the  conditions  under  which  they  occur  on  the  surface  of 
a  part  of  the  Eastern  Egyptian  Desert,  traversed  by  the  Wady  el 
Sheikh,  about  60  miles  long,  from  S.E.  to  N.W.,  and  entering  the 

'  Bep.  Chall.,  1880,  Zool.,  pt.  iii,  p.  46,  pi.  r,  figs.  la-/. 
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right  bank  of  the  Nile  opposite  El  Fent,  whiob  is  on  the  Oairo- 
Assiout  railroad,  half-way  between  the  stations  of  Feshn  and 
Biaghagha.  Rising  up  from  the  Wady  el  Sheikh  are  the  esoarpments 
of  three  saooessive  plateaux  (the  lowest  about  400  feet  high,  the 
highest  about  700  feet).  They  consist  of  Cretaoeous  (latest)  lime- 
stone below  and  Eocene  (Nummulitio)  limestone  above,  all  bearing 
flint  nodules. 

The  worked  flints  occur  in  either  isolated  or  continuous  heaps  of 
debris  thrown  out  from  the  many  quarries  or  mines,  either  on  the 
edges  or  the  surface  of  the  plateaux,  mostly  on  the  right  side  of  the 
Wady.  Flint-workings  had  been  cursorily  uoticed  in  this  region  by 
Greg  and  Johnson.  Mr.  Seton-Earr,  however,  designedly  visited 
them,  and  made  a  careful  survey.  The  mines  or  pits  are  about 
two  feet  in  diameter,  and  not  deep,  nor  showing  lateral  galleries. 
They  are  more  or  less  choked  with  blown  sand.  The  excavated 
material  has  been  piled  up  around  the  mouth  of  the  pit  and  the 
implement-maker's  workshop.  Similar  pits  were  examined  by 
Mr.  H.  Seton-Earr  in  1896  in  the  Wady  Sojoor,  about  ten  miles 
to  the  south.  A  serviceable  map  and  six  excellent  photographic 
views  of  the  plateaux  and  their  special  features  (pp.  81,  101-104) 
enable  the  reader  to  master  the  topographical  details. 

Dr.  H.  0.  Forbes  gives  careful  descriptions  of  a  selection  of 
47  from  the  2,000  specimens  (pp.  78-80  and  97-106),  together 
with  good  clear  figures,  after  photographs  (pp.  82-96).  The  heaps 
of  refuse  at  the  different  sinkings  for  the  most  part  contained 
diflferent  kinds  of  implements.  The  author's  conclusions  as  to  the 
relative  age  and  origin  of  the  mines  and  specimens  are  careful, 
liberal,  and  sound. 

Judging  from  the  plates  and  the  descriptive  notes,  we  can 
3numerate  the  several  kinds  of  flint-work  treated  of.  The  author's 
^uping  is  preserved  : — 

a.  Thin-edged  discs ;  in  many  cases  neatly  dressed  on  the  surface 
ind  perforated  in  the  middle,  the  central  opening  being  widened 
mtil  a  narrow  delicate  ring  has  been  worked  out,  for  bangles,  etc. 
(Pages  78-80.) 

h.  Axes,  chisels,  hoes,  etc. ;  of  triangular  shape  (6  in.  to  9  in. 
long),  broad  at  one  end  and  tapering  at  the  other  (butt  end).  Broad 
3nd  sometimes  subacute  or  somewhat  narrowed  by  rounding ;  thus 
Qgs.  14  and  16  are  variants ;  the  former  has  the  broad  end  subacute, 
;he  latter  is  narrower  throughout.     (Pages  80  and  97.) 

c.  Leaf-shaped  ;  figs.  18  and  19  more  symmetrically  chipped  ; 
ilmost  equally  convex  on  the  two  faces ;  more  rounded  at  one  end 
than  at  the  other.     (Page  97.) 

d.  Enife-like;  figs.  20  to  35  (pages  97,  98).  Many  carefully 
iressed  flakes  (about  6  in.  to  9  in.  long)  good  for  cutting,  flaying, 
scraping,  etc.,  with  sharp  edges,  and  having  one  edge  more  convex 
than  the  other,  but  in  some  cases  almost  symmetrical  and  even  quite 
equal  (fig.  24).  Some,  neat  in  shape,  are  like  the  Danish  knives 
and  daggers ;  others  have  a  sharp-edged  portion  irregular  in  shape 
(figs.  30-33),  and  the  other  part  reduced  by  chij^piu^  to  «k  wsxxo^ 
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handle  or  tang.  Fig.  84  is  a  roaghly  chipped  ihree-sided  pieoe  of 
flint,  ''partly  blocked  ont"  for  a  knife  poBsibly.  Fig.  35  is  a  flat, 
curved,  sharp-edged  blade,  probably  broken  in  the  making. 

e,  Agrioultnral  implements,  eta  Fig.  36  is  a  nearly  symmetrical 
truncheon  or  beater,  of  a  thick  spatula-shape,  vrith  a  knob  at  the 
narrow  end ;  it  is  very  common.  Fig.  37  has  a  ooarse,  thick  blade, 
triangular  in  section  and  sharpened  along  one  edge,  and  the  butt 
end  is  deeply  chipped  for  a  tang.  This  large  chopper-like  implement 
(8^  in.  by  2%  in.)  is  of  common  occurrence,  and  must  have  been  an 
)f  ii  -       --     - 


embient  tool  in  the  hands  of  the  old  labourers.  Fig.  38  (from 
Wady  Sojoor),  p.  99,  another  large  anomalous  tool  (8H  in.  by  T-^in*) 
flat  and  quadrangular  or  diamond-shaped,  with  the  angles  distinct, 
one  of  them  very  prominent,  is  carefully  chipped  along  its  edges. 

/.  Figs.  39  and  40  are  two  small  subglobose  hammer-stones 
(3  in.  by  2\  in.),  bearing  marks  of  wear. 

g.  Scrapers  (p.  99).  Fig.  45,  large,  comma-shaped ;  broad  and 
rounded  at  one  end,  tapering  and  curved  at  the  other,  where  one 
edge  has  been  hollowed  as  a  concave  and  hooked  scraper.  Fig.  46 
(from  the  Plateau  of  Thebes)  is  a  rough  and  irregular  flake,  broad 
at  one  end,  narrow  at  the  other;  dressed  along  the  edges^  one  of 
which  bears  a  small  semicircular  hollow.  Fig.  47  is  a  roughly 
dressed,  somewhat  semicircular  flake,  with  a  definite  concave  hollow 
at  the  middle  of  the  edge,  suitable  for  scraping  and  shapiog  round 
staves  and  sticks. 

A.  Cores,  and  the  narrow  flakes  struck  off*  from  them,  are  common ; 
one  long  hoof-shaped  core  is  shown  by  fig.  42. 

t.  Nondescripts.  Fig.  41  is  a  long,  narrow,  and  very  coarsely 
dressed,  three-sided  flake  (17  in.  by  3^  in.),  sharp  at  the  ends. 
Fig.  43  is  a  rough  flake,  possibly  an  early  state  of  some  such  au 
implement  as  that  of  figs.  26  or  27. 

Dr.  Forbes  now  takes  into  consideration  "  What  is  the  age  of 
these  implements  from  Wady  el  Sheikh  and  Wady  Sojoor,  and  how 
long  probably  were  the  mines  worked  ?"  "No  find  of  implements 
so  extensive  as  the  one  which  is  the  subject  of  this  paper  has  ever 
been  made  in  Egypt ;  nor  had  any  previously  been  found  in  relation 
to  the  mines  which  supplied  the  material,  or  to  the  workshops  in 
which  they  were  fabricated,"  Therefore  archaeologists  may  expect 
much  from  the  careful  study  of  this  undisturbed  locality. 

Introducing  these  very  ancient  Egyptian  relics  to  the  people  of 
to-day,  who  may  be  looking  at  them  in  the  Liverpool  or  other 
Museums,  the  author  explains  first  of  all,  briefly,  that  implements 
of  stone  have  been  in  use  down  to  the  present  from  very  early, 
even  geological,  times ;  more  especially  (1)  as  rough  and  merely 
chipped  and  flaked  pieces  of  siliceous  rock  (flint,  quartzite,  and 
other  varieties),  so  abundant  in  certain  old  gravel  beds  that  they 
characterize  a  long-past  period  of  time  called  the  Palsdolithio  Age. 
(2)  Instead  of  stones  merely  chipped  into  useful  shapes,  in  many 
places  gravels  and  loams  deposited  in  much  later  times  contain  well- 
dressed  and  polished  implements  of  stone ;  and  these,  being  character- 
istic of  newer  periods,  are  termed  '  Neolithic'     (3)  As  stone  tools, 
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in  process  of  making,  pass  throagb  rongh-chipped  to  more  finished, 
smoother,  and  polished  shapes,  it  happens  that  sometimes  all  sorts 
occur  together;  and,  indeed,  prejudice  and  fashion,  as  well  as  con- 
Tonience,  kept  old  forms  in  use  until,  as  at  the  present  day,  the 
more  finished  and  best  adapted  stone  implements  only  are  used, 
after  having  been  made  from  such  natural  material  as  is  most  fit 
and  ready  to  hand. 

The  relative  age  or  chronology  of  old  worked  stones  can  be 
decided  only  when  the  natural  deposit,  or  artificial  heap  of  debris, 
in  which  they  are  found  can  be  definitely  referred  to  some  unit  in 
a  geological  or  historical  standard.  The  shape  by  itself  is  a  guide 
of  limited  value,  except  for  neoliths ;  the  colour  and  the  patination  are 
other  guides  that  cannot  be  taken  alone.  The  varieties  of  patination 
and  tint,  due  to  exposure  on  the  desert,  are  carefully  dealt  with  at 
pages  106,  107,  110,  and  111,  and  are  not  found  serviceable  in 
fixing  the  age  of  this  crowd  of  Egyptian  specimens. 

Forms  similar  to  many  of  them  have  been  found  (as  the  author 
insists)  in  the  ruins  of  Kahum  (explored  by  Professor  Petrie), 
which  was  built  in  the  Twelfth  Dynasty,  at  least  2660  b.o. 
(pages  108-110) ;  and,  just  as  neoliths  are  found  there  with 
palasolithic  forms,  so  in  the  Wady  el  Sheikh  and  Wady  Sojoor  the 
fine  workmanship  of  bangle-rings  (pi.  i)  and  very  neat  dagger-knives 
(figs.  24, 26,  and  28)  is  associated  with  the  many  rude  and  very  rude 
examples  among  the  other  figures.  The  latter  may  be  more  or 
less  exactly  matched  with  specimens  of  neolithic  and  early  historic 
periods  from  localities  at  home  and  abroad.  The  few  that  approxi- 
mate to  the  so-called  '  spear-head  *  and  *  leaf-shape  *  forms  (figs.  1 1 , 
13,  14,  16,  18,  and  19)  found  in  real  Palaeolithic  gravels  are  not 
proofs  that  Palasolithic  Man  worked  these  stone-pits ;  they  are 
variants  in  the  old  Egyptian  workshops,  and  may  be  matched  with 
neolithic  and  historic  finds  in  museums  and  archesological  books. 

It  may  be  noticed  that  the  Egyptian  paintings  of  the  flint-knife 
manufacture,  in  the  tombs  of  Beni  Hasan  (reproduced  at  pages  108, 
109),  present  outlines  comparable  with  some  of  Dr.  Forbes's  figures, 
and  are  said  to  be  of  the  same  age  as  the  Kahum  ruins. 

Other  occurrences  of  stone  tools,  flakes,  and  flint  nodules,  have 
been  noted  by  Petrie,  Quibell,  and  Seton-Karr,  on  the  Egyptian 
plateaux  bordering  the  Nile.  They  lie  in  groups  scattered  around 
working  places;  and  the  author  doubts  if  the  great  pluvial  denu- 
dation since  the  time  of  the  European  Palaeolithic  age  would  not 
have  carried  away  the  loose  debris,  whilst  cutting  the  Wadys  down 
from  the  plateaux  into  the  gi'eat  Nile  Valley. 

Dr.  Forbes  has  done  good  service  in  giving  us  this  example  of  the 
value  of  the  indestructible  direct  evidence  of  the  past,  better  than 
the  best  papyrus  and  parchment  of  versatile  history.  He  shows 
that  these  veritable  evidences  of  Early  Man  in  Egypt,  though  not 
much  less  than  5,000  years  old,  are  not,  like  those  from  the  old 
gravel  found  by  the  late  Pitt-Rivers,  of  real  PalaBolithic  age. 

T.  R.  J. 
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II. — A  MoNooBAPH  ov  Chbistmab  Island  (Indian  Ocsah): 
Physioal  Fbatubbb  and  Qboloot.  By  0.  W.  Andbkws. 
With  desoriptions  of  the  Fauna  and  Flora  by  nnmerous  oon- 
tributors.  8vo ;  pp.  xiii,  337,  22  plates,  1  map,  text  illostrated. 
(London :  printed  by  order  of  the  Trustees  of  the  British 
Museam,  1900.) 

THE  present  work  is  the  first  monograph  issued  by  the  Trustees 
of  the  Natural  History  Branch  of  the  British  Museam  dealing 
with  the  fauna  and  flora,  the  geology  and  palssontology,  of  a 
single  geographical  unit  of  the  globe,  and  owes  its  inception  to  the 
advocacy  of  the  Assistant-Secretary,  Mr.  Charles  E.  Fagan,  F.B.G.S.r 
who  has,  we  learn,  greatly  interested  himself  in  its  publication. 

The  little  island  that  forms  the  subject  of  this  monograph  lies 
to  the  south  of  Java,  190  miles  from  its  shores,  and  must  not  be 
confused  with  its  namesake  in  the  Pacific  Ocean. 

This  almost  undisturbed  little  spot  of  land,  12  miles  by  9,  is 
now  being  opened  up  for  commercial  purposes,  and  it  seemed 
desirable  that  before  its  primitive  fauna  and  flora  were  ousted  by 
man,  a  careful  record  of  them  should  be  made,  whilst  at  the  same 
time  it  appeared  likely  that  its  geological  investigation  would  throw 
light  on  the  origin  of  coral  islands,  of  which  it  was  manifestly 
one.  Accordingly,  Sir  John  Murray  having  agreed  to  provide  the 
requisite  funds,  the  Trustees  of  the  British  Museum  granted  the 
necessary  leave  of  absence  to  Dr.  C.  W.  Andrews,  whose  selection 
for  the  purpose  of  carrying  out  the  investigation  is  seen  by  the 
present  volume  to  have  been  most  amply  justified.* 

With  the  zoolop;ical  and  botanical  results  of  the  expedition, 
interesting  and  important  though  they  be,  we  have  nothing  to  do 
iu  these  pages.  The  facts  ascertained  concerning  the  geological 
structure  of  the  island  show  that  it  presents  some  important 
peculiarities,  differentiating  it  from  other  oceanic  islands,  and 
difficult  to  explain.  It  is,  in  fact,  the  flat  summit  of  a  submarine 
mountain,  whose  steep  slopes  sink  rapidly  to  a  depth  of  over 
14,000  feet  below  the  sea.  The  summit  of  this  mountain  peak  is 
formed  of  a  succession  of  tertiary  limestones  ranging  in  age  from 
the  Eocene  (or  Oligocene)  up  to  recent  reef-deposits,  with  inter- 
calations in  the  older  beds  of  volcanic  rocks. 

The  tertiary  beds,  especially  the  Miocene  orbitoidal  limestoues, 
end  abruptly  on  the  coast  in  vertical  cliff's,  sometimes  250  feet  high: 
they  must  therefore  at  one  time  have  covered  a  far  wider  area,  and 
have  been  reduced  by  peripheral  faulting. 

The  principal  volcanic  rocks  are  the  basalts  and  basic  tuffs  at  the 
base  of  the  Miocene  limestone,  separating  it  from  the  Eocene  (or 
Oligocene)  beds  below,  and  the  basalts  and  trachytes  underlying  the 
latter.  These  older  eruptive  rocks  form  the  basis  of  the  island, 
which  basis  Dr.  Andrews  considers  '*is  almost  certainly  a  volcanic 

*  We  published  some  Notes  of  an  expedition  to  Christmas  Island  by  C.W.  Andrew* 
(reprinted  from  the  author's  pjiper  read  before  the  Royal  Geographical  Society, 
November  28,  1898)  in  the  Geological  Maoazinb,  Dec.  IV,  Vol.  VI  (1899), 
pp.  19-27. 
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peak."  We  ventare  to  think,  however,  that  this  assertion,  qualified 
thongh  it  be,  is  still  rather  stronger  than  the  evidenoe. 

Owing  to  the  dolomitization  and  phosphatization  of  the  limestonea 
the  palsBontologioal  collections  were  not  rich.  The  few  Mollusoan 
remains  obtained  are  described  by  Mr.  B.  B.  Newton.  The  corals, 
which  were  more  abundant,  bat  still  not  in  so  satisfactory  a  condition 
EU9  ooald  be  desired,  were  carefully  worked  out  by  Dr.  Gregory,  and 
include  representatives  of  nineteen  determinable  species,  of  which 
eight  are  new.     Their  general  character  is  typically  Indo-Pacific. 

The  Foraminifera,  of  which'tbe  limestones,  especially  the  Miocene 
(orbitoidal),  are  largely  composed,  had  mainly  to  be  studied  from 
sections,  and  are  reported  on  by  those  past  masters  of  the  subject. 
Professor  T.  Rupert  Jones  and  Mr.  F.  Chapman,  who  have  made 
their  work  as  comprehensive  as  possible  in  the  time,  and  hope  at 
some  future  date  to  furnish  further  details.  Unfortunately,  beyond 
A  "list  of  species  of  Orbitoides"  there  is  no  summary  of  the  results 
set  forth  in  the  thirty-nine  pages  to  which  their  report  extends. 

A  "  note  on  the  composition  of  some  dolomitio  and  other  lime- 
stones" from  the  island,  by  Mr.  E.  W.  Skeats,  completes  the 
geological  matter  in  the  monograph. 

As  regards  the  get-up  of  the  work,  we  are  glad  to  note  that  the 
print  is  better  than  in  many  Government  publications  with  which 
we  are  acquainted,  whilst  the  plates,  although  somewhat  closely 
But,  are  of  the  quality  which  we  have  become  accustomed  to  expect 
in  the  publications  of  the  British  Museum.  Concerning  the  views 
reproduced  in  the  text,  however,  we  prefer  to  be  silent :  our  remarks 
might  be  considered  libellous.  B.  B.  W. 

III.  —  Report  on  the  Great  Eartuquake  of  June  12th,  1897. 
By  R.  D.  Oldham,  A.R.S.M.*  F.G.S.,  Superintendent,  Geological 
Survey  of  India.  Mem.  Geol.  Survey  of  India,  vol.  xxix. 
(Calcutta,  1899.) 

PHYSICAL  geologists  will  with  one  accord  be  grateful  to 
Mr.  Oldham  for  his  admirable  report  on  the  Indian  earthquake 
of  1897.  Chief  among  modern  shocks,  if  not  among  all  recorded 
shocks,  the  wonderful  phenomena  which  it  presented,  and  the  wide 
area  over  which  they  were  observed,  combined  to  render  the  earth- 
quake in  every  way  remarkable  and  deserving  of  the  most  careful 
study.  Fortunately,  it  was  possible  to  give  to  it  the  attention  which 
its  exceptional  character  demanded.  Four  officers  of  the  Indian 
Geological  Survey  were  despatched  to  different  parts  of  the  area 
chiefly  affected,  and,  about  six  months  later,  Mr.  Oldham  made  as 
thorough  an  examination  of  the  epicentral  tract  as  his  limited  time 
and  the  impracticable  nature  of  the  country  would  allow.  The 
results  of  all  this  labour  are  as  important  as  they  are  novel  and 
interesting ;  and  those  who  have  been  engaged  in  similar  work  will 
be  the  first  to  recognize  that  we  are  here  presented  with  a  record 
report  as  well  as  a  record  earthquake. 

The  study  of  such  an  earthquake  must  have  been  an  almost 
unalloyed  pleasure  to  its  investigator.     There  was  no  n^^^  \.o  %^^\A 
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three  or  four  months  in  flooding  the  disturhed  area  with  cinmlars, 
though  work  of  this  kind  had  of  course  to  he  done.  The  materials 
to  he  oollected  were  not  the  fleeting  impressions  of  a  transitoij 
phenomenon ;  they  were  for  the  most  part  permanent  effeots  that 
could  be  examined  without  haste,  suffering  little  from  the  lapse  of 
time  and  nothing  at  all  from  defects  of  the  human  mind.  They  had 
to  he  observed,  disentangled,  and  classified, — no  light  work,  rather 
one  requiring,  and,  what  is  more,  obtaining,  the  best  enei^gies  of 
a  capable  field-geologist. 

It  would  not  he  easy  within  moderate  limits  to  refer  to  all  the 
points  of  interest  that  are  to  be  found  in  this  report  Though  filling 
a  complete  volume  of  the  Memoirs,  and  extending  to  more  than 
400  pages,  it  should  be  read  from  cover  to  cover,  not  by  seismologists 
alone,  but  by  every  geologist  who  wishes  to  study  the  mechanics  of 
mountain-building  or  to  realize  the  scale  on  which  the  operations  of 
nature  are  sometimes  carried  out.  In  doing  this,  he  will  no  doubt 
be  struck  by  some  passages  more  than  by  others.  Among  them  he 
will  probably  include  the  descriptions  of  the  fissures  that  were  formed 
in  alluvial  ground  far  away  from  river-banks,  eta  (pp.  88-94),  of 
sand- vents  and  the  forcing  up  of  river-beds  and  the  bottoms  of  weUf 
(pp.  99-107),  and  of  the  numerous  landslips  (pp.  111-123) ;  the 
chapter  on  the  earthquake-sound  and  on  Barisiil  guns  (pp.  191-207) ; 
the  investigation  of  the  velocity  of  the  earth-wave  within  the 
disturbed  area  (pp.  53-77),  and  the  tracking  of  the  unfelt  vibrations 
through  the  body  of  the  earth  and  of  the  surface-undulations  almost 
completely  round  the  globe  (pp.  227-256).  To  the  physicist  the 
last-named  chapter  will  prove  the  most  interesting;  but  the  geo- 
logist will  probably  regard  with  the  highest  favour  that  which  deals 
witli  the  permanent  changes  in  the  epicentral  tract.  Here  we  have 
described  the  Chedrang  fault-scarp  (pp.  138-147),  which  crosses 
many  times  the  river  of  that  name,  forming  a  series  of  waterfalls 
and  lakelets  along  its  course;  the  Bordwar  fracture  (pp.  148-151); 
numerous  pools,  due  to  a  reversal  of  drainage,  but  without  any 
visible  connection  with  faulting  (pp.  lo2-lo7)  ;  changes  of  level 
evidenced  by  the  visibility  of  rivers  and  roads  formerly  hidden  by 
intervening  hills  (pp.  157-163) ;  and,  in  an  appendix  which  properly 
belongs  to  this  chapter,  an  account  of  the  re-survey  of  certain 
trigonometrical  stations  within  the  epicentral  area  (pp.  361-371), 
the  chief  result  of  which  is  to  show  the  urgent  need  of  its  repetition 
on  a  much  larger  scale. 

Exceptional  as  the  Indian  earthquake  was,  one  cannot  read  without 
astonishment  of  the  vast  district  over  which  these  permanent  changes 
took  place.  Mr.  Oldham  estimates  that  it  was  about  200  miles  in 
length,  not  less  than  50  miles  in  breadth,  and  more  than  6,000 
square  miles  in  area.  The  fault-scarps  and  fractures  discovered 
within  it  are  merely  evidences  of  displacements  continued  up  to  the 
surface.  They  manifest  the  extreme  complexity  of  the  earthquake's 
origin,  which  Mr.  Oldham  traces  to  a  slide  along  a  huge,  but  hidden, 
thrust-plane,  inevitably  accompanied  by  nearly  simultaneous  and 
more  or  less  visible  movements  along  the  minor  faults  connected 
with  it. 
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The  volume  is  illustrated  by  44  plates  and  3  maps,  in  addition 
to  a  large  number  of  woodouts.  There  are  pictures  of  damaged 
and  utterly  ruined  houses,  monuments  overthrown  and  twisted  on 
their  bases,  railway  lines  crumpled  as  if  they  were  made  of  wire, 
and  fissures,  sand-vents,  and  fault-scarps,  as  well  as  the  diagrams  of 
distant  magnetographs  and  horizontal  pendulums.  Many  of  these 
are  worthy  of  a  wider  circulation,  and  will  doubtless  live  again  in 
books  made  better  by  their  presence.  C.  Davison. 
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L— May  23,  1900.— J.  J.  H.  Teall,  Esq.,  M.A.,  F.R.S.,  President, 
in  the  Chair.     The  following  communications  were  read  : — 

1.  "  The  Igneous  Rocks  of  the  Coast  of  County  Waterford."     By 
F.  R.  Cowper  Reed,  Esq.,  M.A.,  F.G.S. 

The  first  part  of  this  paper  is  devoted  to  a  discussion  of  the  field- 
evidence,  as  shown  by  the  coast-sections  from  Newtown  Head  to 
Stradbally.  The  igneous  rocks  there  exposed  are  divided  into  the 
following  six  categories: — (a)  The  felsitic  rocks ;  (6)  necks  of  non- 
volcanic  materials ;  (c)  the  basic  sills  and  vents ;  (d)  intrusions  of 
dolerite ;  (e)  intrusions  of  trachyte,  andesite,  etc. ;  (/)  intrusions  of 
other  types.  In  regard  to  the  age  of  the  rocks,  there  appear  to 
have  been  two  main  periods  of  volcanic  activity  :  the  first,  in 
Ordovician  times,  was  marked  solely  by  outpourings  of  a  felsitio 
nature;  the  second,  post  -  Ordovician  but  pre -Upper  Old  Red 
Sandstone,  was  characterized  by  a  succession  of  several  distinct 
types  of  igneous  rocks.  The  lavas  and  tuflfs,  interbedded  with 
fossiliferous  rocks,  have  been  already  described.  These  are  overlain 
by  other  felsites  and  ashes,  developed  near  Great  Newtown  Head, 
which  show  the  same  dip  and  strike  and  partake  in  the  same  move- 
ments. Next  occurred  an  outburst  of  green  and  pink  felsites,  tufis, 
and  coarse  agglomerates,  developed  from  Great  Newtown  Head  to 
Garrarus;  and  possibly  the  xenolithic  felsites  and  greenish  tufifs 
belong  to  the  same  series.  It  is  doubtful  whether  these  were 
poured  out  before  the  first  folding  of  the  Ordovician  beds,  but  their 
strike,  when  traced  inland,  agrees  with  that  of  the  series  last 
mentioned.  The  intrusion  of  some  irregular  masses  of  felsite- 
porphyry  took  place  subsequently  to  the  folding ;  it  was  followed 
by  small  veins  of  trachyte  and  andesite ;  these  by  basic  sills, 
diabases,  etc.,  and  by  a  few  dolerite-dykes  and  veins.  Subsequently 
the  igneous  intrusions  assumed  an  acid  character,  and  the  felsitic 
masses  of  Newtown  Head,  Knockmahon,  etc.,  were  extruded ; 
probably  at  this  time,  too,  were  formed  the  isolated  necks  filled  with 
brecciated  fragments  of  the  earlier  rocks.  The  felspar-porphyry 
dykes  and  isolated  felsitic  sheets  and  veins  which  pierce  the  folded 
rocks,  particularly  west  of  Eilfarrasy,  probably  belong  to  this  late 
period. 
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The  relative  age  of  some  of  the  peouliar  types  of  intrasive 
rooks  is  indicated  in  the  paper  in  those  oases  in  which  it  oan  be 
determined.  Tliat  those  rooks  which  are  later  in  date  than  the 
folding  of  the  Ordovioian  are  older  than  the  Upper  Old  Bed  Sand- 
stone is  shown  (1)  by  the  unconformity  of  the  Upper  Old  Red 
Sandstone ;  (2)  by  the  fact  that  the  latter  rock  does  not  contain  any 
interbedded  igneous  rocks;  and  (3)  by  the  absence  of  felsitio  or 
other  intrasive  rooks  from  the  Old  Red  Sandstone  of  the  district 

The  second  part  of  the  paper  is  devoted  to  petrological  notes  on 
the  different  rock-types.  The  felsites  are  classified  by  means  of 
their  groundmass  into  microcry stall ine,  cryptocrystalline,  and  mioro- 
poikilitio  and  other  types ;  potash-felsites,  potash-soda-felsites,  and 
keratophyres,  all  appear  to  be  present ;  some  of  these  rocks  are 
linked  to  the  trachytes  and  bostonites.  The  diabases  and  dolerites 
are  sometimes  ophitio,  but  more  usually  allotriomorphio  in  texture. 
The  trachytes  aud  andesites  are  of  various  types,  and  some  are 
probably  keratophyres.  Quartz-  and  felspar  -  porphyries,  augite- 
porphyrites,  and  several  miscellaneous  types  are  also  described. 

2.  **  On  a  new  Type  of  Hook  from  Eentallen  and  elsewhere,  and 
its  Relations  to  other  Igneous  Rocks  in  Argyllshire."  By  J.  B.  Hill, 
Esq.,  R.N.,  and  H.  Eynaston,  Esq.,  B.A.,  F.G.S.  (Communicated 
by  permission  of  the  Director-General  of  H.M.  Qeological  Snrvey.) 

A  rock  originally  described  by  Mr.  Teall  from  Eentallen  is  used 
by  the  authors  as  a  type  round  which  they  group  a  peculiar  series 
of  basic  rooks  discovered  in  several  localities.  The  rocks  consist 
essentially  of  olivine  and  augite,  with  smaller  amounts  of  orthoclase, 
plagioclase,  and  biotite,  while  apatite  and  magnetite  are  accessory. 
The  peculiar  feature  of  the  rocks  is  the  association  of  alkali- felspar 
with  olivine  and  aiigite,  and  the  group  is  related  to  the  shonkinite 
of  Montana  and  the  olivine-monzonite  of  Scandinavia.  Tlie  occur- 
rence of  the  rocks  is  connected  with  four  neighbouring  but  distinct 
areas  of  intrusion,  each  characterized  by  granites  and  diorites,  and 
by  dykes  and  sills  of  lamprophyres,  porphyrites,  etc.  In  these  areas 
the  new  rock  is  the  most  basic  type,  and  it  occurs  in  the  marginal 
portions  of  the  areas.  Close  relationships  exist  between  the  different 
intrusive  rocks  in  each  area,  so  that  it  may  be  concluded  that  these 
constitute  a  *  rock-series  '  ranging  from  granite  through  augite- 
diorite  towards  the  olivine-bearing  rocks,  in  the  plutonio  phase,  and 
from  orthoclase-porphyry  and  porphyrite  to  augite-lamprophyre,  in 
the  dyke-and-sill  phase.  The  whole  assemblage  appears  to  have 
been  derived  by  a  process  of  differentiation  from  one  parent  magma; 
and  the  order  of  intrusion  has  been,  in  the  main,  one  of  increasing 
acidity.  There  is  further  a  *  facies-suit '  in  each  intrusion,  showing 
progressive  increase  in  basicity  from  centre  to  magma,  due  to  con- 
centration of  the  more  basic  oxides  in  the  cooler  portions  of  the 
magma,  which  was  originally  of  intermediate  composition  ;  from 
this  'complementary  rocks*  were  produced.  It  is  extremely  probable 
that  the  underlying  magmas  of  the  four  intrusive  areas  resembled 
one  anotlier  more  or  less  closely  in  composition. 
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[.—June  6,  1900.— J.  J.  H.  Teall,  Esq.,  M.A.,  F.B.S.,  President, 
in  the  Chair.     The  following  communications  were  read : — 

1.  "Mechanically-formed  Limestones  from  Junagadh  and  other 
ooalities."     By  Dr.  J.  W.  Evans,  LL.B.,  F.G.S. 

After  reviewing  the  conditions  under  which  granular  limestones 
lay  be  accumulated  by  current-  or  wind-action,  the  author  proceeds 
»  describe  the  limestone  of  Junagadh,  a  deposit  some  200  feet 
lick,  resembling  in  hand-specimens  the  Oolites  of  this  country, 
lOUgh  less  firmly  cemented  together.  It  is  mainly  formed  of  grains 
msisting  of  a  nucleus  of  a  fragment  of  a  marine  organism  or 
iraminiferal  test,  surrounded  by  a  layer  of  deposited  carbonate  of 
me.  Particles  derived  from  the  igneous  rocks  of  the  neighbour- 
3od  and  rounded  quartz-grains  also  occur,  but  amount  to  only 

small  percentage  of  the  rock.  The  whole  is  bound  together  by 
>lourles8  calcite-cement.  The  deposit  is  situate  at  a  distance  of 
0  miles  from  the  sea,  and  contains  no  large  fossils  of  any  kind. 

Calcareous  rocks  of  similar  character  are  described  from  other 
Arts  of  Kathiawad,  Each,  the  south-eastern  coast  of  Arabia,  and  the 
ersian  Gulf;  some  of  these  contain  unbroken  marine  shells  and 
:her  fossils.  These  beds  are  included  by  Dr.  H.  J.  Carter  under 
le  name  of  miliolite,  on  account  of  the  frequent  presence  in  them  of 
16  genus  Miliola. 

The  author  discusses  the  origin  of  these  deposits,  and  comes  to 
le  conclusion  that  the  grains  were  formed  in  sea-water  saturated 
ith  carbonate  of  lime  :  some  being  deposited  by  currents  in -shallow 
ater,    and  others  thrown   up  as  a  calcareous  beach,  from  which 

portion  were  sifted  out  by  the  wind  and  blown  inland  to  form 
olian  deposits,  as  contended  by  Professor  Blake  in  the  case  of 
jrtain  superficial  limestones  in  Kach.  The  Junagadh  limestone 
lis  into  the  last  group,  but  must  have  been  formed  when  the  land 
as  at  a  low  level  and  the  sea-shore  was  at  no  great  distance. 

A  rapid  survey  is  then  taken  of  similar  rocks  in  other  parts  of 
le  world,  which  may  be  grouped  into  the  same  three  classes.  The 
jmarkable  wind-blown  foraminiferal  deposit  of  Dog*s  Bay  (Galway) 

referred  to  in  some  detail;  and  the  author  concludes  by  suggesting 
lat  in  the  Oolites  of  the  Jurassic  period  we  have  representatives  of 
11  three  groups. 

2.  "  Note  on  the  consolidated  iEolian  Sands  of  Kathiawad."  By 
rederick  Chapman,  Esq.,  A.L.S.,  F.R.M.S.  (Communicated  by 
►r.  J.  W.  Evans,  LL.B.,  F.G.S.) 

The  name  miliolite-formation  was  originally  given  by  Dr.  H.  J. 
arter  to  certain  granular  calcareous  deposits  occurring  on  the  coast- 
ne  between  the  peninsula  of  India  and  the  mouth  of  the  Indus, 
he  foraminifera  and  other  organic  remains  in  the  rocks  must  have 
ihabited  moderately  shallow  to  littoral  marine  areas.  The  minute 
ranules  are  worn  and  polished;  the  prevailing  genera  of  foraminifera 
re  roundish,  and  would  be  easily  moved  by  wind  ;  remains  of 
krger  organisms  are  absent ;  and  the  deposits  are  false-bedded. 
II  these  phenomena  are  explicable  if  the  deposits  represent  the 
jcumulation  of  material  derived  from  littoral  caVci^T^Q>3A  %"mA  ^1 
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marine  origin,  mixed  with  mineral  detritns  from  adjacent  hills. 
The  rooks  can  hardly  be  older  than  Pliocene ;  and  there  is  nothing 
in  the  general  character  of  their  organic  remains  which  is  incon- 
sistent with  a  still  more  recent  date.  The  tests  of  some  of  the 
foraminifera  have  been  filled  with  limonitic  substances  or  with  the 
yellow,  brown,  or  green  varieties  of  glauoonite.  Six  specimens  are 
described  in  detail,  and  lists  of  the  contained  foraminifera  given. 
In  one  instance  the  granules  are  all  invested  with  a  thin,  dark 
layer,  which  seems  to  be  the  first  stage  towards  an  oolitic  stnictuie. 
A  note  is  appended  on  the  foraminiferal  wind-borne  sands  of  Dog** 
Bay  (Gal way),  discovered  by  Welch. 

3.  **  On  Ceylon  Bocks  and  Qrapbite."  By  A.  E.  Coomara  Swamy, 
F.G.S. 

Ceylon  is  surrounded  by  raised  beaches,  and  has  been  elevated  in 
recent  geological  times ;  fluviatile  deposits  also  occur :  the  gems  for 
which  Ceylon  is  famous  are  obtained  from  gravels  in  the  Batnapurs 
district  With  the  exception  of  these  recent  deposits,  the  island 
probably  consists  entirely  of  ancient  crystalline  rocks.  Pyroxene- 
granulites  are  recorded  from  several  localities ;  they  are  dark  in 
colour  and  greasy  in  lustre.  Foliation  is  not  evident,  bat  it  may 
appear  in  thin  slices.  The  minerals  most  frequently  present  are 
augite  or  hyperstbene,  or  both,  plagioclase  (usually  labradorite), 
orthodase-micropertbite,  garnet,  quartz,  amphibole,  magnetite,  apatite, 
zircon,  and  biotite — the  pyroxene  and  felspar  alone  being  essential 
constituents.  Varieties  approach  gabbro  and  eclogite.  The  texture 
is  granulitic  or  granular.  Centric  structures  are  very  characteristic, 
probably  resulting  from  the  corrosion  of  garnets.  Normal  granulites 
are  white  or  grey,  and  usually  contain  red  garnets.  The  minerals 
are  quartz,  orthoclase-  and  microcline-microperthite,  plagioclase,  and 
garnet ;  biotite,  magnetite,  ilmenite,  apatite,  and  zircon  are  often 
present ;  and  the  texture  is  granulitic.  Microcline-gneiss,  sometimes 
with  hornblende,  occurs  in  conical  bills,  originating  the  term  domoid 
gneiss  employed  by  Professor  Walther.  The  minerals  include 
orthoclase-  and  microcline-microperthite,  quartz,  plagioclase,  biotite, 
pyroxene,  amphibole,  pyrite,  magnetite,  apatite,  and  zircon. 
Anorthosite-gneiss,  gneissic  granite,  and  pegmatite  are  also  described. 
Dark  diorites  (containing  amphibole,  plagioclase,  quartz,  pyroxene, 
biotite,  magnetite,  apatite,  and  zircon),  dolerite,  hornblende-gabbro, 
and  opbitic  qnartz-norite  are  also  present.  The  white,  crystalline 
limestones  usually  contain  pale  mica  and  blue  apatite ;  sometimes 
also  colourless  pyroxene.  Banded  scapolite-  and  wollastonite-bearing 
rocks  are  found  at  Galle.  Certain  rocks,  apparently  vein-produotB, 
are  also  described,  which  contain  quartz  and  calcite  micrographically 
intergrown. 

Graphite  occurs  chiefly  in  branching  veins  in  igneous  rocks,  which 
at  Bagedara  are  granulites  and  pyroxene-gran ulites.  The  relations 
to  the  matrix  are  described,  and  are  held  to  favour  the  idea  of  the 
deposition  of  the  mineral  as  a  sublimation  •  product  (Walther),  or 
from  the  decomposition  of  liquid  hydrocarbons  (Diersche).  Analyses 
of  several  of  the  minerals,  including  manganhedenbergite,  are  giveu ; 
and  a  bibliography  of  the  geology  o^  \.Vv^  UUtid  is  appended. 
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L — Oh  TBI  Fauxa  ov  thi  Uppu  Oabsun  Zone  iir  Falzabioo 

Vallit,  South  Ttbol. 

By  M.  M.  OoiLTiB  QoRDON,  D.Se. 

HAYING  the  opportanity  of  reyisiting  Munich,  I  have  drawn 
np  a  list  of  the  fossils  which  formed  the  basis  of  the  ''  Upper 
Oassian  Zone,"  erected  by  me  in  1898.  These  fossils,^  when 
I  discovered  them  in  Falzarego  Valley  in  1891,  were  then  for  the 
moat  part  unknown.  The  tuffs  and  breccias  in  which  they  occur 
had  been  referred  by  Loretz  to  the  fossiliferous  Baibl  horizon  of 
the  Schlem  Plateau,  and  by  Mojsisovics  to  the  much  lower  horizon 
of  Wengen  strata.  I  found,  by  careful  collection  from  strata  in 
position,  that  the  fauna,  in  addition  to  a  fair  proportion  of  St.  Cassian 
types  and  a  few  Baibl  types,  comprised  a  number  of  types  common 
both  to  Cassian  and  Raibl  horizons  and  a  still  greater  number  of 
species  which  had  not  been  found  elsewhere  (Q.J.G.S.,  1893,  pp.  31, 
44,  46,  47). 

Judging  both  from  the  transitional  Gassian-Raibl  character  of  the 
fauna  and  from  the  stratigraphioal  position  of  the  fossiliferous  series 
in  the  field,  above  a  zone  containing  typical  St.  Cassian  fauna, 
I  concluded  that  this  Falzarego  Valley  fauna  represented  a  palceonto- 
logical  zone  younger  than  the  typical  St  Cassian  fauna  as  known  at 
Stuores  and  Prolongei,  and  older  than  the  lower  Raibl  fauna  as 
known  at  Schlem  Plateau  and  described  by  von  Wohrmann  and 
Eoken.'  I  therefore  placed  it  aa  an  independent  palaBontological 
zone,  naming  it  Upper  Cassian.'  This  determination  of  an  Upper 
Cassian  zone  in  South  Tyrol  practically  demonstrated  the  same 
gradual  faunistic  transition  from  Cassian  to  Eaibl  zones  in  South 
Tyrol  which  had  been  demonstrated  by  von  Wohrmann*  in  the 
Cardita  and  Raibl  strata  of  North  Tyrol. 

^  My  zonal  collections  from  the  Enneberg  and  Arapezzo  Upper  Trias  are  in  the 
FalsBontological  Museum  in  Munich. 

*  von  Wdhrmann  und  Koken  :  **  Die  Faunen  der  Raibler  Schichten  Ton  Schletn- 
platean"  :  Zeitschr.  d.  D.  geol.  Ges.,  1892. 

*  Ogilrie:  *•  On  the  Wengen  and  Cassian  Strata  in  Southern  Tyrol,"  Quart. 
Journ.  Geol.  Soc,  1893 ;  **  Coral  in  the  Dolomites,"  Geol.  Mao.,  1894. 

*  von  Wohrmann:  **  Die  Fauna  der  sogenannten  Cardita  u.  Raibler  Schichten 
in  den  Nordtiroler  u.  bayerischen  Alpen'* :  Jahrb.  der  k.k.  geol.  Eeklva.^  V^^'i* 
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After  the  publioation  of  my  paper  in  1893,  at  Dr.  Bittner^s 
request  I  sent  to  him  in  Vienna  my  private  oolleotion  of  the 
Falzarego  Valley  fauna.  I  hoped  that  in  Vienna,  among  the  South 
Tyrol  ooUections  of  the  Austrian  Gtoologioal  Survey,  a  nearer 
identification  of  the  material  might  be  attained.  Thus  the  fauna 
has  had  the  advantage  of  Dr.  Bittner's  olose  examination  and 
judgment,  and  I  am  now  in  a  position  to  publish  a  list  of  the 
types  named  in  acoordanoe  with  the  most  reoent  advances  in  the 
literature  of  Alpine  Trias.^  The  Lamellibranohs  have  for  the 
most  part  been  described  and  illustrated  in  Dr.  Bittner's  "  Hdno> 
graph."  The  Roman  numerals  and  figures  entered  in  the  liit 
refer  to  that  work,  and  the  bivalves  are  enumerated  in  the  order 
adopted  there. 

LIST  OP  FOSSILS. 

Abbreviations. — C*  =  occurrence  in  Stnores-Cassian  zone ;  R*  =  oocorrence  in  BaibI 
zones.    S.Pl.  after  E  s  occurrence  also  in  the  Baibl  beds  of  Schlem  Plateau. 


Lambllibbanchiata. 

CwpidaiHa  siliquaf  Bi\^.  (if  Idf  20)     

Gonodon  (Corbit)  plana,  Mrist,fm 

Zaubeia  (MegalodwiS  striailata,  Klipst.,  sp.  (ii,  13-18) 
Astartopis  Sichtho/miy  otoi 

Myophoriopis  lineata,  Must.,  sp.  (xiii,  1-6)     

Mt/ophoria  decuwata.  Must.,  sp.  (xii,  1-8) 

,,     Jisndentatay  yoriyfownn. 

Myophoria  (?)  loUtaria,  Bittn.  (xiiv,  27)        

Triyonodus  ItablefittSf  Qredl.f  B^.  

Cucullma  {Macrodofi)  imprMM,  Mnst.,  sp.  (xv,  1,  2)  ... 

Pi/};?a,  sp.  inn.  (y,  15,  16)         

Avicula  Sturi  (=  pars  A,  Oea,  D'Orb.),  Bittn.  (\'iii,  3,  4) 

Cass'wna  (=  pars  A.  Gea^  D'Orb.),  Bittn.  (viii,  6) 

Cortinemis  (aff.  A.  Gea,  D*Orb.),  Bittn.  (viii,  6) 

TofanoOy  Bittn.  (riii,  9-11)      

Camanella  eu^Iyphaj  Lbe.  (vii,  1)         

decMsata^  Mnst.,  sp.  (vii,  6-15,  20) 

anyusta,  Bittn.  (v,  23-26)        

AmpezzanUf  Bittn.  (vi,  10,  11)  

Jlocrnesia  Johannis  Austria y  Klipst.  (x,  10-15) 

GervUlia  anyusta,  Gdf.  (ix,  13)  

,,       attyuiatdf  Mnst.  (ix,  11-17)    ... 
,,       OyilvitBy  Bittn. 
Pipc^wi  iM*w/»/rr,  Mnst.  (xix,  13-16)     

cf.  aiirisfriatus,  Mnst.  (xLx,  23-26) 

aff.  Saccoiy  Par.  (xix,  22)        

afP.  8ttbdemi88H8y  Bittn.  (xix,  29)         

Landranuif,  Bittn.  (xix,  21)     


ft 


>> 


•  •  • 


•  •  • 


•  S.FL 

•  S.PL 

•  s.n. 

'•S.PL 

•  S.PL 

•  S.PL 


••• 


Is.PL 

'•S.PL 

•  (?) 


^  Bittner :  *'  Die  Brachiopoden  der  Alpinen  Trias,"  Abhandl.  der  k.k.  ^1.  Beich- 
sanstiilt,  Wien,  1 890 ;  •*  Die  Lamellibrancniaten  der  Alpinen  Trias,"  Theil  i,  <*  Revision 
der  Lamellibranchiaten  von  St.  Cassian,"  "Wien,  1895.  Kittl:  '*  Die  Gastropoden 
der  Schichten  von  St.  Cassian  der  Siid-Alpincn  Trias,"  Annalen  des  k.k.  naturhisL 
Hofmuseums,  Wien,  1891 ;  "Die  triadischen Gastropoden der  Marmolata u.  verwandt 
Fundstetten  in  den  welssen  Riflfkalken  Siidtirols,"  Jahrb.  k.k.  geol.  Reichs.,  1894; 
"  Die  Gastropoden  der  Esinokalke  nebst  einer  Revision  der  Gastropoden  der  Mar- 
molatakalk,"  Annalen  des  k.k.  naturhist.  Ilof museums,  Wien,  1899.  Salomon  u. 
Bohm  :  '*  Fauna  der  Marmolatakalk,"  Pala^ontographica,  1895. 
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anffulata^  Mnst.  (vtr.  opuknta,  Bittn.) , 

(FUtgio9toma)  Htipunetata,  D'Orb.  (xxi,  19,  20) 
{Mytidioptera  P)  $pin%gtray  Bittn.  (xx,  82) 
ioptera  aff .  vixeottata^  Stopp.  (xx,  30) 

cf.  Unella,  Bittn.  (xxi,  1) 
«20  «o2m,  Lbe 

0gil€i4B,  Bittn.  (xxiii,  20,  21) ... 
MywM,  sp.  indet.  (xxiii,  16) 
Mftihu,  Anaplophordj  tLDaJfyaeiiet  (in  poor  specimens). 


ABTEBOPODA. 

^iifim  nmt^,  Mnst 

I  {Patella)  eampattafartnis^  Elipst.,  sp. 
I  eapulinaf  Brann  (?  ffranulata,  Lbe.) 
jmi  decuuatay  Mnst.,  sp 

ar77M/a,  Mnst.,  sp 

na  imitatUy  Eittl 

'oteala  {Sealaria)  ornata,  Mnst.,  sp. 
ia  fifi^to,  Mnst.,  sp. 

Inulopsitf  sp  indet.  

fiis  neritaeea,  Mnst. ,  sp 

expansa,  Lbe.,  sp 

aff.  Caaiiana,  Wissm.,  sp. 
ittoma  pUurotomoidegf  Wissm.,  sp. 
igtoma,  n.sp.,  aff.  Troekeiy  Kittl... 
tra  Ogilvia,  Bohm  

'w¥w&m     81I*        •••  •••  ■••  ••• 


•  •  • 

•  •  • 

•  •  • 

•  •  • 


Vf^^   ii<slj««««     •••      •••     •••      ••• 

pliratiljSy  Klipst. 
tt/lns  subcolumnaris^  Mnsi.f  sp.    ... 

coluinnariSy  Mnst.,  sp. ... 
ntylua  hnstile^  J.  Btihra  [Orthostylus  cf.  Fuekai^ 
wfeura  «Mi/?orfo«flr,  Klipst.,  sp. 
ylifia  crassa,  Mnst. ,  sp.    ... 

sp.,  cf.  infrcmtriatay  Kittl        

thildia  {Turritella)  subornataj  Mnst.,  sp. 

ATI     ^ 

melania  (Turritella)  cf.  similiSj  Mnst.,  sp. 


BPHALOPODA. 

)€cras  indueens^  Mojs. 

eras  elegam^'HiviBi. 

u$f  sp.  indet. 

t  {Clydonitei)  nautilimis,  Mnst.,  sp. 

/r^fl*  yl(w^  Mnst.,  sp. 

€erai  Philopatery  Lbe 

RACHIOPODA. 

a  Buchii,  Klipst.,  sp. 

iclina  scituln,  Bittn.         ,,, 

pira  ttnuistriata,  Bittn.  (aff.  T.  Gumbeli) 

honella  cf.  tricostata^  Mnst.,  sp. ... 

atida,  n.sp.,  aff.  Cassiana,  Bittn. 

itimxay  n.sp.  ...         ...         ...         ... 

CHINODERMATA. 

i  parastadi/eray  Schafh 

dortataj  Braun 

alataj  Ag. 


Kittl) 


•  •  • 


•  •  • 


•  S.P1. 

•  S.Pl. 


... 

•  •• 

•  •  • 

•  •  • 


•  S.Pl. 


•  (?) 


I  S.Pl. 


.   «    \   %^.^\ 
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Cidar\9  HauMumni^yf'vsBm 

yy  tUCOfOt^f    Most.  •••  •.•  ••• 

,f      Sraimiif  Desor 

11      JlcxuoMf  Most.  ...         ...         ...         ... 

yy      Xitaffofiif  Most. ...        ...        ...        ... 

JBntfwhut  (JBticrinui)  Cauianut^  Lbe.y  sp.      .s, 
,y  yy         fftmuloius,  Miut. y  sp.  ... 

,y  yy  VaflOfMy  MUflt.y    Sp. 

yy      {HmtacHnua)  Tiroleniiif  Lbe.y  ip.     ... 
yy  „         propinqitut,  Mnst.y  tp.  ... 

CoiLnfTBRATA. 

Cladophyllia  tublavia,  Must,  y  sp.         

JtattrtM  Oumbeli,  Lbe. 

Thammutraa  ZitUH^yaaWohrm 

lUehattraa  Oppeli,  Vols 

StffHnaf  n.8p.y  and  seyeral  Th^eoimiliaf  ip.  ind. 


•  •  • 

•  •  • 


•  •  • 

•  •• 

•  •  • 

•  •  • 


•  •  • 

•  ■  • 

•  •• 

•  •  • 


•  •• 

•  •  • 


c 

1 

B 

• 

• 

• 

••• 

• 

• 

• 

•  •• 

• 
• 

•  •• 

•  8.F1. 

• 

• 

• 

.  .• 

• 

• 

• 

• 

• 

•  •  • 

• 

■  •• 

• 

•  •• 

• 

•  •« 

Beokoniug  the  peroentages  from  the  Lamellibranchs  as  a  rare 
standardy  the  resnit  yields  34  per  oent  new  species  not  yet  known 
in  any  of  the  Oassian  or  Raibl  zones  of  Alpine  Trias ;  25  per  oent 
speoies  present  in  the  Stuores-Gassian  fauna  but  not  in  Baibl 
horizons;  25  per  cent  speoies  ooinmon  both  to  Stuores-CassiaD 
and  to  Raibl  faunas;  and  16  per  oent  species  present  in  BaiU 
horizons  but  not  in  the  Stuores-Cassian  fauna.  The  thick-shelled 
larger  habitus  of  the  bivalves  at  once  marks  a  difference  from  the 
Stuores-Cassian  fauna,  and  presents  a  striking  resemblance  to  the 
character  of  recognized  Baibl  faunas  in  this  distrioty  e.g.  the  Tra- 
vemanzes  Kaibl  fauna  at  the  higher  horizons  in  Falzarego  Valley 
and  the  Schlem  Plateau  Raibl  fauna  farther  west  This  faunistic 
transition  in  the  bivalves  is  undoubtedly  attributable  to  renewed 
local  accumulations  of  tuff  and  volcanic  dust,  to  strong  current 
action,  and  the  frequent  reconstitution  of  littoral  molluscan  colonies 
at  one  place  or  another  as  the  eruptive  invasions  permitted.  Ihe 
same  transition  seems  to  have  taken  place  simultaneously  in  the 
neighbouring  localities  of  Rimbianco,  Misurina,  and  Seelwd  Alpe 
(Q.J.G.S.,  1893,  pp.  24,  33,  36). 

While  the  list  shows  clearly  the  close  affinities  of  this  fossiliferous 
zone  with  the  older  Stuores-Cassian  fauna,  a  few  observations  may 
be  made  regarding  the  affinities  with  the  younger  Raibl  fauna. 

The  most  commonly  occurring  genera  among  the  bivalves  are 
Avieula  and  Cassianella.  According  to  Dr.  Bittner's  terminology, 
two  species,  A,  Sturi  and  A.  Casaiana,  represent  the  older  name  of 
A»  Oea,  while  A.  Cortinensis  has  close  affinity  with  these  species. 
On  the  actual  ground  it  was  A.  Sturi  which  distinguished  itself  by 
the  number  of  its  representatives.  On  the  other  hand,  Avteula 
Tofana  is  a  more  distinctive  local  type.  A,  Sturi  occurs  in  North 
Tyrol  at  a  high  horizon  of  the  Cardita  strata,  and  continues  in  the 
upper  (Torer)  Raibl  fossiliferous  series.  Hoernesia  Johannia  Austrta 
and  GervilUa  angusta  likewise  continue,  both  in  North  and  South 
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Tyrol,  in  the  Upper  Raibl  zone  (von  Wohrmann,  loa  cit,  N.  Tyroly 
1889,  p.  260). 

CaBsianella  deeussata  and  OueuUaa  mpre$$a  are  present  in  the 
Schlem  Plateau  strata,  whioh  von  Wohrmann  regards  as  con- 
temporaneous with  the  'Upper  Cardita'  or  'Lower  Baibl'  series 
in  North  TyroL^  Opinions  differ  regarding  the  absolute  identity  of 
the  two  speoies  Myophoria  dseuisata  and  Mffophoriopis  lineata,  in 
the  Falzarego  fauna,  with  the  types  desoribed  by  von  Wohrmann 
at  Schlem  Plateau,  but  the  affinity  is  certainly  dose.  Myophoria  (?) 
solitaria  has,  according  to  Dr.  Bittner,  nearest  resemblance  to  a  Baibl 
form,  Jf.,  sp.  TommaBi.  The  OerviUias  and  Peeten$  are  genera  which 
are  relatively  exceedingly  rare  in  the  Stuores-Cassian  zone,  but  here, 
as  in  Baibl  strata,  they  are  of  common  occurrence  and  comprise 
a  few  species  identical  with,  or  closely  related  to,  Baibl  species. 

Thus,  the  close  examination  which  the  Oortina  Lamellibrandhs 
have  now  undergone  has  served  to  prove  that  the  evidence  which 
I  gave  in  1893  of  an  Upper  Cassian  or  Oassian-Baibl  transition 
zone  was  well-founded.  Previously  to  1893  the  only  intermediate 
Lamellibranch  fauna  known  in  South  IVrol  between  the  Stuores- 
Gassian  zone  and  the  typical  Torer  Baibl  zone  was  the  Schlem 
Plateau  fauna,  but  a  palasontological  gap  existed  between  it  and  the 
Stuores-Cassian  zone. 

With  regard  to  the  Gastropods  in  the  foregoing  list  of  the  Upper 
Cassian  fossils  in  Falzarego  Valley,  the  majority  of  the  species  are 
identical  with  Cassian  species.  This  is  natural,  since  the  Stuores- 
Cassian  fauna  is  cbaracterized  by  the  extraordinary  number  of  small 
Gastropod  species  and  individuals,  whereas  the  Kaibl  fauna  is 
characterized  by  a  greater  number  of  Lamellibranchs  in  proportion 
to  the  number  of  Gastropod  species.  As  a  local  feature  it  may 
be  noted  that  certain  species,  e.g.  Neritina  imitana  and  Scalaria 
omataf  are  present  in  relatively  far  greater  number  of  individuals 
in  the  Falzarego  area  than  in  the  Stuores  Meadowland.  More 
important  as  a  sign  of  transition  is  the  occurrence  in  large  number 
of  individuals  of  two  species,  Neritopsis  deeussata  and  armataf  which 
are  common  both  to  the  Stuores-Cassian  zone  (in  small  number)  and 
to  the  Schlem  Plateau  and  other  Baibl  faunas.  Ftychostoma  pleurO' 
iomoide$  ^  is  a  species  numerously  represented  in  the  Upper  Ceissian 
zone  in  Falzarego  Valley  and  at  Heilig-Ereuz,  and  is  one  which 
continues  in  Baibl  horizons. 

Another  interesting  feature  in  connection  with  the  Gastropods 
is,  that  several  species  are  identical  with  species  found  in  the 
Marmolata-Ealk  or  oalcareo-dolomitic  facies  south  of  this  area,  and 
that  the  beds  of  dolomitic  limestone  which  immediately  overlie 
the  Falzarego  tuffs  are  locally  full  of  Gastropod  fossils.  The 
transitional  Cassian-Baibl  relations  of  the  other  groups  call  for 
less  remark.    Amongst  the  Brachiopods,  Amphiclina  acittUa,  amongst 

1  von  Wohrmann,  <'  Die  Raibler  Schichten,"  m.  Uebersicbtstabelle :  Jahrb.  k.k. 
Beichs.,  1893,  p.  768. 

*  See  Kittl,  **Die  Gastropoden  der  Scbicbten  Yon  St.  Cassian  der  Siid-Alpinen 
Trias":  loc.  cit.,  pp.  167-8. 
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the  Eohinoderms,  Pentaerinus  TirdentU  and  Gdaru  paroBtadifen^ 
oontinne  in  the  highest  Baibl  horizonB»  In  all  groups  the  revised 
list  is  found  to  fulfil  the  requirements  of  a  palsBontological  bridge 
between  the  Stuores-Cassiati  and  the  Sohlem  Plateau  (or  Upper 
Cardita)  strata,  and  therefore  to  merit  tiie  plaoe  I  assigned  to  the 
fauna  in  the  percentage  table  and  acoompanying  remarks  of  my 
earlier  paper  (Q.J.G.S.,  1893,  p.  44 ;  also  Qeol.  Mag.,  1894,  p.  10  seq.). 
I  now  submit  the  complete  series  of  Upper  Triassio  Bones  in 
Falzarego  Valley. 


PALiEONTOLOGICAL  AND  STRATIGRAPHICAL  SERIES. 


Localitt:  Schlbbk. 

Comparative  extract  from 

Ton  'Wohrmann's '  *  Die  Baibler 

Schichten ' ' :  Ueberaichtstabelle, 

1893. 


^  Horizon  d  (von  Wohr.)* 


Dolomite  banks 

with 

species  of  Mtgalodut, 

Dolomite  with  coral 
growths,  etc. 


^  Horizon  e  (von  Wohr.). 
Bed  Sohlem  Plateau 
f  ossilif  erous  strata  with 
Myophoria  Jimdvntata 
and  Ke/ersteinii, 
Tachycardia     Ilauerif 
Trigonodtia    RablensiSt 
Uoemcsia        Johannis 
AustricCf     Patelia     J. 
Bochmi^         Tretospira 
mitltistriaia,  Joannitcs 
cymbiformiSy  etc. 
(Sphturocodien,  coral 
growths,  plante,  etc.) 


Horizon  b  (von  "Wohr.). 
Stratified  dolomite. 


Localitt:  Falzabboo  Yallet  and 

T&ATEirAMZB8. 

(Cf.  O^^vie,  1893-4.) 
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f  Dolomite    bands    and    Tsiimited     maris. 

Numerous  if«7alMi««  fossilB :  Megukim 
triqueUr ;  Megmkdut  cf .  compretmu. 
Thin  band  of  dolomite  weathered  as  tenaoe. 

<  Ottraa  marls '  and  limestones :  leadiog 
^rpe,  Ostrtta  monti$  caprilit. 

Thick-bedded  limestones,  full  of  imper- 
fect Pectenfossils:  PeetenjE[alkniU,eis, 

*  Cipit  Limestone '  bed  with  coral  and 
echinoderm  remains. 

Soft,  flaky  limestone,  with  ammonite  and 
nautiloid  sp. 

Gypsum,  red  marls,  dolomitic  flagstones, 
rauchwackes. 

Hard  arenaceous  limestones,poor  infossils. 


Brown  sandstones,  the  chief  horizon  of 
Myophorxa  Kefertteinii  &  M,  WTtatc- 
leyco  ;  Myophoria  Jittid^ntata,  MyO' 
phorieardium  lineaium,  JPhyiocardia 
OgilvuB^  Trigonodu*  MahlentUy 
Hoei'fietia  Jokanni»  Austria  ;  Feeten, 
sp. ;  TurbOf  n.sp. ;  plant  stems ; 
numerous  coaly  fragments,  and  specks 
of  various  mineral  ores ;  *  Cipit  Lime- 
stones *  interbedded  with  sandstones. 
Thin  band  of  dolomite  weathered  as  terrace. 

Bed  nodular  marls  of  tufaceous  character. 


Quartzifcrous  sandstones  with  Trigonodut 
RablensiSy  Myophoria  Jtsaidentata^  etc^ 
passing  into  upper  horizons  of 

Cliff  of  stratified  dolomite,  and  finely  inter- 
layered  volcanic  sand  ;  locally  de- 
veloped as  dolomitic  limestone,  with 
many  Gastropods ;  in  lower  horizons 
interbedded  with 
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Horizon  « (Ton  Wdhr.). 
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'CiiAt  Limestones'  and  volcanic  tofb; 
tofaceoos  marls,  impnre  limestones, 
lignite,  and  araeonite.  SpxrottyUu 
subeolumnaris,  Ptyehoitoma  pleurotO" 
moides,  Ntritcptii  dieutaatay  armatQf 
AatartopiM  Biehthofmi,  and  crowded 
fragments  of  species  of  8ol$n,  FUcatula^ 
FlaeunoptiSf  Avicula^  etc. 

Pale-greenish  tnfaceous  shales,  reddish- 
brown  tufaoeoos  breccias  with  quartz 
pains,  glassy  and  metalliferous  ore 
inclusions,  limestones  with  uneyen 
bedding  surfaces.  These  are  the  chief 
horizons  of  Upper  Cassian  biyalyes: 
Avieula  Cortinentity  Tofana,  Sturi, 
Castiana  ;  CamaneUa  deeustata  ; 
Oervillia  OgikUSf  angulata  ;  ifyo- 
phoria  deeuMota ;  Soem^tia  Johannit 
Austria ;  Lima  angulata  ;  Pecten 
ZandramUf  iubulifer  ;  Trigonodtu 
Sabletuit;  etc. 

Irref^^ular  cra^s  and  blocks  of  *Cipit 
Limestones '  in  tufEs. 

Dark  tufaceous  earth  and  marls ;  thin- 
bedded  shales  and  limestones  containing 
rich  fauna  of  small  forms,  in  typicid 
*  Stuores '  character :  Cardita  erenata, 
Koninckina  Zeonhardti,  TraehyeeroM 
Aon,  Nueula  lineata,  itrigilata, 
Sehizogonium  subeoitatum,  etc. 

Gypsiferous  marls,  aragonite,  tufaceous 
grits  and  shales  with  *  Cipit  Lime- 
stones ' ;  sponp^es,  coralst  echinoderms, 
Fosidonomya  JFenyensiSf  etc. 

Ashy  and  felsitic  series,  black  tufaceous 
earth,  occasional  dark  bituminous 
limestones :  Halobia  Lomnieli,  Foaido' 
nomya  Wengensis,  plants,  etc.  (for 
Stuores-Cassian  ana  "Wengen  Senes, 
cf.  aut.,  1893,  p.  16). 


The  Lower  and  Middle  Cassian  horizons,  distinguished  hy  me  in 
1893,  are  here  combined  as  one  palaeontological  zone,  the  Lower  or 
Stuores-Cassian  zone;  since,  although  the  subdivision  is  useful  in 
field  survey,  the  horizons  are  not  palssontologically  independent. 

The  stratigraphy  of  the  Upper  Cassian  zone  in  Enneberg  and 
Ampezzo  is  more  difficult  than  the  palssontology,  since  the  lower 
Baibl  fossiliferous  sandstones  are  replaced  .by  various  local  facies, 
wholly  dolomitic  (as  at  Lagazuoi),  or  developed  as  a  series  of 
dolomitic  limestones  and  irregular  banks  of  dolomite,  interbedded 
with  marls  and  sandstones  (as  at  Koces  Alpe). 

Li  Falzarego  Valley  the  Upper  Cassian  tufaceous  series  rests 
conformably  upon  Cassian  strata  containing  the  typical  Stuores 
fauna,  and  is  succeeded  by  a  bed  of  dolomite  of  varying  thickness,  in 
some  places  fossiliferous,  with  Gastropod  colonies,  coral  banks,  algce, 
eta,  in  others  unfossiliferous  and  interlayered  with  volcanic  eaxid 
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and  nodalar  iron  ore.  Sometimes  the  eandy  material  ooonia  in 
patches,  sometimes  in  layers  a  few  inches  thick,  sometimeB  ii 
layers  as  fine  as  the  finest  dust  The  chemical  decomposition  of  lbs 
calcareous  and  the  volcanic  material  and  the  weathenng-ont  of  ths 
finely  and  coarsely  interlayered  sands  and  ta£b  from  the  rook 
largely  account  for  the  frequent  occurrence  of  toothed  and  fimtastio 
erosion  forms  at  this  horizon  of  the  Schlem  Dolomite. 

The  relations  of  these  dolomitio  and  sandy  layers  are  anbh  u 
are  presented  to  us  in  recent  descriptions  of  yolcanic  and  organic 
muds  in  the  vicinity  of  oceanic  islands,  or  more  generally  of  'Bed 
Olay*  and  pelagic  'Oozes.*  I  have  always  held  that  the  deposits 
of  Baibl  age  represented  the  actual  sediments  in  South  Tyrol  in 
which  a  dolomitio  character  may  be  regarded  as  original  ("Ooral 
in  the  Dolomites,"  1894,  pp.  11-13,  20-22),  and  that  it  was  thers 
associated  with  chemical  decomposition  going  on  contemporaneoosly 
with  sedimentation.  My  specimens  from  this  horizon  are  under 
examination  in  Prof.  Armstrong*8  laboratory  at  South  Kensington. 

The  chemist  is  confronted  in  the  dolomites  with  the  same 
possibilities  of  chemical  deoomposition  and  interchange,  both  in 
the  past  submarine  and  in  the  present  subaerial  conditions,  whiob 
were  clearly  set  forth  by  Sir  John  Murray  in  his  Presidentisl 
Address  to  the  Greographical  Section,  British  Association,  189^ 
from  which  I  quote  the  following  passages :  "  The  inorganio  con- 
stituents of  the  Pelagic  Deposits  are  for  the  most  part  derived 
from  the  attrition  of  floating  pumice,  from  the  disintegration  of 
water-logged  pumice,  from  showers  of  volcanic  ashes,  and  from 
the  (lebns  ejeoted  from  submarine  volcanoes,  together  with  the 

productB  of  their  deoomposition If  the  whole  of  the 

carbonate  of  lime  shells  be  removed  by  dilute  acid  from  a  typical 
sample  of  Qlobigerina  Ooze,  the  inorganic  residue  left  behind  is 

quite  similar  in  composition  to  a  typioal  Bed  Clay The 

volcanio  materials  in  a  Bed  Clay  having,  because  of  the  dow 
accumulation,  been  for  a  long  time  exposed  to  the  action  of  sea- 
water,  have  been  profoundly  altered.  The  massive  manganese-iron 
nodules  and  zeolitic  crystals  present  in  the  deposit  are  secondarv 
products  arising  from  the  decomposition  of  these  volcanic  materials. 

The  development  of  organic  and  inorganic  muds,  with  all  possible 
variations  in  the  alternative  bedding,  is  the  normal  character  of  the 
Scblern  Dolomite  within  Enneberg  and  Ampezzo.  And,  as  I  pre- 
viously pointed  out,  the  contemporaneity  of  this  dolomitio  series, 
in  whole  or  in  part,  "  with  fossiliferoua  Baibl  strata  ehewhere  (eg. 
the  Schlem  Plateau  strata)  wotdd  in  nowise  afford  evidence  of  ih$ 
Coral  Beef  Theory ,  but  only  of  the  familiar  fact  of  Baibl  heteropiiw^" 
(*'  Coral  in  the  Dolomites,"  1894,  p.  13.) 

The  dolomite  cliff  and  marls  in  Falzarego  Valley,  Booes  Alps, 
and  Travenanzes  are  succeeded  by  a  well-defined  group  of  sand- 
stones, shales,  and  shaly  limestones,  in  which  a  typical  Baibl 
fauna  occurs.  The  fossils  enumerated  at  this  horizon,  in  the  above 
table  of  Upper  Trias,  were  all  personally  collected  from  a  number 
of  places  along  this  high  mountain  terrace  above  the  valley.   Strange 
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o  say,  I  never  found  Tachycardia  Haueri,  whioh  is  suoh  a  nameroosly 
Bpresented  type  in  the  Schlem  Platean  strata.  The  limited  colonial 
«peot  of  local  faunas  seems  to  have  been  the  leading  palaoontologioal 
eature  of  the  Cassian-Baibl  period. 

Whilst  the  age  of  the  intervening  calcareo-dolomitio  and  sandy 
eries  is  quite  securely  fixed  by  the  presence  of  the  Myophoria  and 
J§iraa  fossil  zones  above,  and  the  Avicula  Tofana  and  CortinennB 
ossil  zones  below,  I  have  always  referred  to  it  in  previous 
Ntpers  as  "Schlem  Dolomite/'  following  the  original  intention  of 
ron  Bichthofen,  who  applied  this  term  to  any  dolomittc  faoies  of 
Jpper  Triassic  tufaoeous  series  in  the  district  The  fossiliferous 
Jpper  Cassian  tuffs  are  present  at  Pec  di  Palu,  south  of  the 
?*alzarego  road,  and  may  be  followed  over  Yalparola,  Pordsi,  and 
lella  Pass  to  the  south  of  Langkofl  and  Mahlknecht.  Bemnants 
it  the  series  occur  at  Cra  di  Mont,  Crap  di  Sella,  Freina  Meadow, 
ind  elsewhere  farther  north. 

I  alreadv  showed,  in  1893-4,  that  throughout  Enneberg  and 
kmpezzo  we  horizonB  of  Baibl  time  were  those  which  displayed  the 
no$t  extreme  and  complex  faeiee  relations.  All  Raibl  zones  pass 
low  at  one  place,  now  at  another,  into  local  massive  developments 
»f  Sohlem  Dolomite  (e.g.  Lagazuoi,  Diirrenstein,  etc.).  The  Upper 
Sassian  zone  also  presents  varying  local  facies  relations  within 
Snneberg  and  Ampezzo,  but  the  Wengen  and  Stuores-Cassian  zones 
mderlie  the  dolomitic  deposits  in  Enneberg  and  in  all  parts  of 
Impezzo  which  I  have  examined.  Thus,  the  identification  of 
luccessive  palceontological  zones  proves  that  the  tufaoeous  inveisions 
overspread  the  fioor  of  the  Enneberg  and  Ampezzo  areas  more 
^nerally  in  the  earlier  periods  of  the  Upper  Trias  epoch  in  South 
Tyrol.  And  the  passage-limit  between  the  tufaoeous  material  and 
he  ordinary  sediments  was  at  that  time  locally  situated  within 
hat  wide  'Buohenstein-Mahlkneoht'  series  of  lavas  and  tuffs  whioh 
epresents  one  of  the  chief  local  areas  of  contemporaneous  eruptive 
racture-planes.  These  are  the  heteropic  conditions  whioh  I  have 
lepicted  in  a  series  of  diagrams,  showing  the  successive  stages  in 
he  accumulation  of  deposits,  and  the  intermixture  from  time  to 
ime  of  volcanic  material  during  the  Wengen,  Cassian,  and  Raibl 
leriods  ("Coral  in  the  Dolomites,"  1894:,  Gkol.  Maq.,  PI.  II). 

In  the  second  part  of  the  same  paper  (in  the  Geol.  Maq.),  Setsso 
?itschi  (a  small  mountain  that  ocours  in  the  Buchenstein-Mahlknecht 
>as8age-area  of  facies)  was  selected  as  an  example  of  the  tendency 
lisplayed  by  later  differential  movements  to  coincide  with  the 
original  passage-areas  between  different  lithological  groups  of  strata, 
vhether  these  areas  occurred  in  the  horizontal  extension  of  different 
'ock  facies,  as  at  Sasso  Pitschi,  or  in  the  ordinary  geological  suc- 
cession.     My  publication  *  in  1899  rests  on  the  same  standpoint. 

*  •*  Torsion  -  Structure  of  the  Dolomites'*:  Quart.  Journ.  Geol.  Soc,  1899. 
Lttention  may  be  directed  here  to  a  printer's  slip  that  unfortunately  evaded  me  in 
he  proofs,  and  which  causes  some  confusion  :  see  p.  680,  under  '  5/  near  the 
tottom  of  the  page :  **  A  and  C  to  be  moved  counterclockwise,  B  and  D  clockwise," 
hoald  read  **  A  and  C  to  be  moved  clockwise,  B  and  D  couutecdoclL^VA^.** 
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SubordiDate  movements  have  readily  taken  plaoe  at  the  plaoM 
where  the  more  rigid  and  the  more  plastic  rook-groopa  have  been 
next  one  another.  Thus  local  conditions  have  produced  looil 
modification  of  the  more  general  movements  due  to  oompressioa 
and  cross-compression  of  this  district  in  sabsequent  epocha  of  Alpine 
upheaval. 

In  addition  to  its  use  in  the  solution  of  the  stratigraphy,  the  value 
of  an  Upper  Cassian  fauna  is  in  the  link  it  adds  to  the  Upper  Triss 
chain  of  faunas  in  South  Tyrol.  Its  discovery  and  its  identification 
by  me  in  1893  as  a  transitional  Cassian-Baibl  zone  6etabliahed«  for 
the  first  time  in  South  Tyrol,  a  closely  connected  series  of  palsMmto- 
logical  zones  traceable  through  Wengen-Cassian-Baibl  perioda.  The 
Upper  Cassian  zone  has  therefore  given  important  evidence  of  the 
impracticability  of  placing  a  palasontological  limit  between  Middle 
and  Upper  Alpine  IVias  anywhere  within  that  series.  The  transitioa 
from  Baibl  horizons  to  Dachstein  Dolomite  in  Enneberg  and  Ampenn 
also  takes  plaoe  quite  gradually,  as  evidenced  by  species  of  the  genos 
Megalodus.  Hence  the  only  subdivision  between  Middle  and  Upper 
Trias  which  seems  natural  in  the  '  Dolomites '  is  between  the  Upper 
Muschelkalk  (Buchenstein  strata  of  some  authors)  and  the  Weogen 
series,  that  is,  at  the  horizon  of  Triassio  time,  when  eruptive  materisl 
began  to  be  incorporated  with  the  local  sediments  of  that  aiet 
(Gf.  von  Wohrmann,  « Die  Baibler  Schichten,"  1893 ;  Bothplete, 
'<  Querschnitt,"  1894;  Salomon,  <<  Palaaontographica,''  1895;  von 
Zittel,  "  Zeitschrift,"  1899.) 

A  farther  confirmation  of  the  presence  of  a  transitional  Cassian-BaiU 
fauna  in  the  '  Dolomites '  has  been  given  by  the  fauna  in  the  *  Fack§» 
cardia  Tufifs '  of  the  Seiser-Alpe.  Geheimrath  von  Zittel,  who  made 
the  discovery,  during  a  geological  excursion  with  his  students,  that 
these  tuffs  contained  a  large  number  of  Haibl  forms  in  addition  to 
Cassian  forms,  has  since  published  a  short  account  of  the  faunal 
characteristics  of  these  tufaceous  horizons  at  the  Seiser-Alpe  (von 
Zittel,  "  Zeitsohrift,"  1899;  also  Rothpletz,  « Zeitschrift,"  1899). 
The  preliminary  notes  on  the  stratigraphy  given  by  Prof.  Bothpletx 
show  that  these  tuffs  at  the  Seiser  Alpe  rest  conformably  upon  strata 
containing  a  Stuores-Cassian  fauna,  so  that  in  this  important  feature 
their  position  at  the  Seiser-Alpe  agrees  with  that  which  I  determined 
at  Falzarego  Valley  and  other  localities.  The  'Cipit  Limestones* 
also  occur,  as  blocks  or  irregular  banks,  at  various  horizons,  in  the 
way  that  I  described  for  other  localities  along  the  Buchenstein- 
Mahlknecht  area  of  eruptive  invasions.  "  Along  the  hem  of  this 
volcanic  girdle  communities  of  Corals  and  Echinoderms  settled  and 
formed  a  series  of  small  barrier  reefs  (Cipit  Limestones),  frequently 
interrupted  in  their  growth  by  fresh  lavas  "  (aut.  I.e.,  1894). 

But,  compared  with  the  Falzarego  Valley  fauna,  the  *  Pachyeardia- 
tuff'  fauna  bears  a  distinct  local  impress.  For  example,  just  as 
I  never  found  Pachycardia  Baneri  in  the  higher  Baibl  horizons  of 
Falzarego  Valley,  so  I  never  found  Pachycardia  rugosa,  the  leading 
fossil  of  the  Pachycardia  tuffs,  in  the  Upper  Cassian  zone  of 
Falzarego  Valley.     Both  may  be  there,  as  my  personal  collection 
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can  ODly  represent  a  small  part  of  the  fauna,  but  they  at  least  cannot 
be  common. 

A  similar  impression  of  narrow  spaoial  limitation  is  given  by  each 
of  the  local  developments  of  a  fossiliferous  Upper  Cassian  zone,  at 
Heilig  Erenz,  Seeland  Alpe,  Misarina,  and  Rimbianco.  This  horizon 
of  Upper  Triassio  time  is  characterized,  therefore,  not  only  by 
marked  differences  in  the  local  lithological  facies,  but  also  by 
marked  local  specializations  in  the  aspect  of  contemporaneous  faunaa 
inhabiting  neighbouring  seas  and  lagoons.  Many  of  the  fossils  have 
affinity  with  Cassian  or  Baibl  species,  yet  can  neither  be  identified 
with,  nor  clearly  distinguished  from  these.  Hence,  we  may  regard  it 
as  probable  that  those  specialized  Upper  Cassian  faunas  induded, 
amongst  the  species  peculiar  to  themselves,  certain  types  due  to 
strong  adaptation  or  to  retrogression.  And  we  may  learn  from 
the  faunas  of  the  Upper  Cassian  zone,  no  less  than  from  those  of 
the  higher  Baibl  zones,  that  there  are  biological  questions  in  South 
Tyrol  which  concern  the  occurrence  of  pelagic  and  of  littoral  faunaa 
as  local  colonies  in  a  neighbourhood  of  very  unequal  depth  and 
Bubjeot  to  volcanic  interruptions  in  the  form  of  lavets,  tuffs,  and  fine 
volcanic  sand.  These  questions  are  one  with  the  consideration  of 
Uthological  facies  in  the  same  district 

The  following  table  of  Upper  Trias  strata  in  South  Tyrol  repre- 
sents the  zonal  succession  and  local  occurrence  of  facies  as  described 
in  former  papers  (of.  Qeol.  Mag.,  1894,  PI.  II,  and  Q.J.O.S., 
1893,  p.  16). 


Fa88a-Schlbkn, 

south  of  the  Buchenstein- 

Mahlknecht  eruptive 

fractures. 


Within  Ennebbro  and  Ampezzo, 
north  of  the  Buchenstein-Mahlknocht  eruptive 

fractures. 


o 
H 


§ 

CO 


Raihl  series. 


Dach 


< 
as 

H 

p« 

0. 


< 


Schlem  Dolomite. 


V 


stein  Dolomite. 

or  Upper  Raibl  aeries  (von  "Wiihrmann), 

with  Osircea  and  Megalodus  beds, 
or  Lower  Raibl  series  (von  Wohrmann), 
equivalent  to  Upper  Cardita  series  in 
Schlem    ^       North    TjtoI,    represented   by  **  red 
Dolomite    |       Schlem  Plateau  fossiliferous  series "  or 
by  a  var)-inf^  thickness  of  stratified 
dolomite  iu  South  TjtoI. 
or  Upper  Cassian  tufaceous  series  (Ogilvie) , 
with  Avictda  beds. 
Cassian  series  in  *  Stuoros  *  development. 
Wengen  series,  with  Halobia  Lonimeli. 


Upper  Zone  of  Muschelkalk  or  Middle  Trias. 


As,  however,  Baron  von  Wohrmaiin,  in  bis  comparative  work  on 
"  The  Baibl  Strata,"  found  the  palffiontological  transition  quite 
gradual  throughout  the  Cardita  and  Raibl  zones  in  South  Tyrol,  he 
inoluded  the  whole  series  from  the  Ualobta  Lommeli  to  the  Ostraa 
beds  as  Raibl   strata   in   wider   sense    (cf.  **  Uebersichtatab^iUft  d.. 
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Baibler  Sohiobten  " :  Jabrb.,  1893).  Henoe,  to  oontinne  to  call  the 
'Hed  Soblem  Plateau'  series  'Lower  Baibl*  would  undoubtedly 
cause  oonfusioD.  The  distinotion  of  Upper,  Middle,  and  Low«r 
Zones  in  a  series  of  'Haibl  strata'  (using  the  term  in  the  nov 
wider  sense  given  by  von  Wobrmann),  might  be  locally  poesibli^ 
but  at  the  present  time  it  is  more  important  to  arrive  at  a  oksr 
presentation  of  the  complete  series  of  palaoontologioal  sonee  in  aaoh 
Alpine  locality.    Thus  in  South  Tyrol  we  have : 

LEADING  FOSSIL-TYPES 
in  the  Wengen-Cassian-Raibl  series  (*  Raibler-Seh.*  in  wider  aense,  von  Wdhrmm)- 


All  pass  into  the 

Calcareo  -  dolomitic 

fades  in  South  Tyrol ; 

Yon  fiichthofen's 

^SCHLEHN  DOLOXITB.' 


^  *To&bu'-Raibl  Zoitb:  Ottraa  monti*  mpriHs, 

lodiu  triqueter,  etc.  rdivene  local  develoniMili  if 
volcanic  marlsand  sano,  limestooe,  gypanm,  aolooili). 

*Bbd  ScHLBRir  Platbau'  Raibl  Zonb:  BuAfctfii§ 
Eaueri,  Myophoria  KtftnUimi^  Mycph^nemdmt 
Uneatumt  etc.  (diTene  local  derelopnieinti  of  ynktak 
sand  and  calcareo-dolomitic  faciea;  moUnacan  imii 
contain  almost  exclusiTely  Raibl  ipeciee). 

Upper  Cassian  o&  Tbansztional  TutpZokb:  Anak 
Sturi,  Tofanaf  and  CortinennSf  BeeUm  Lmnivmrnt 
etc.  (diverse  local  fades  of  Upper  CaisiaB  MriH» 
containing  a  mixed  fauna  of  Gaaaian  and  BiiU 

spedes). 

Stxjokbs-CassiaxZomb:  Koninekina  Zionhardti,  (MMi 
erenata,  Nueulu  ttrigilata  (tufaceous,  marly,  vi 
calcareous  scries,  containing  almost  exclnsiTdj 
Cassian  species). 

Wenoen  Zone  :  Halobta  Lommeli,  MonophjfUiUt 
U'enffCHsiSf  Traehyceraa  ArehelauSf  Fotidctuwtj/* 
Wengeima,  etc. ;  series  of  shales  and  limestones, 
grits,  tuff.s,  and  lavas. 

Summary. 

(1)  Conformably  above  strata  containing  the  typical  or  Stuores- 
Cassian  fauna  as  known  before  my  paper  of  1893,  and  below  any 
palaeontologically  well-defined  Raibl  borizon,  bo  regarded  before 
von  Wobrmann's  paper  of  1893,  I  found  in  Falzarego  Valley  in 
1891  a  series  of  tufaceous  breccias,  shales,  and  quartziferous  sand- 
stones, containing  a  transitional  Cassian-Baibl  fauna,  and  passing 
upward  into  interstratified  dolomite,  dolomitic  limestone,  and  volcanic 
eand  and  marl,  or  into  a  wholly  dolomitic  group  of  strata.  The 
latter  I  termed  '  Sohlern  Dolomite/  stating  it  to  be  the  time- 
equivalent  in  part,  or  wholly,  of  the  'red  Schlem  Plateau  foBsiliferous 
strata'  which  von  Wohrmann  had  in  1892  called  a  Lower  Raibl 
zone  in  South  Tyrol.  Revised  identifications  of  my  Falzarego 
Valley  material,  carried  out  in  accordance  with  the  recent  special 
monographs  on  Alpine  Molluscan  faunas  by  Dr.  Bittner,  Dr.  Kittl, 
Dr.  J.  Bohm,  and  others,  have  fully  coiToborated  the  palasontologioal 
2)osition  which  I  gave  to  the  fauna  in  1893-4  as  a  local  '  tuff'  fades 
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r  ptrt  of  the  SoUnn  Dolomifee^  oomprising  a  gradual  tranrition  from 
IgnMoal  Stoorat-OMnan  CMina  to  ibe  *  TraTonanset '  Baibl  firana  of 
M  Falxtrego  diaMot 

(2)  Hie  Wengen  and  SlooieB-CiMiaQ  foMiliferout  tafaoeoos  aeriet 
ra  preaont  thioagfaout  the  diatriofc  of  Bnnebeig  and  Ampaaao  in 
xnplato  aonal  doTelopmeni.  Theae  palAontologioal  aonea  are 
levafore  aoi,  aa  haa  been  aaid,  the  Uifaoeoiia  faoiea  of  the  dolomitio 
>dk  oompoaing  the  maaiJTea  in  theae  areaa.  On  the  other  hand,  the 
fpper  Caaaian  aone  and  the  higher  Baibl  aonea  are  developed  in 


arying  degrae  wUkin  Bnnebei|f  and  Ampeszo  aa  local  fisunea  of  local 
domitio  aedimenta.  *  Cipit  Limeatonea '  ^the  tme  ooial-Teefa  of  the 
hilnot)  oooor  both  in  the  tnfhoaona  and  in  the  dolomitio  ftdea  at 
K  horisona  aa  oooaafanal  looal  beda  of  oomparatiTely  email  thiokneaa 
ba  oit.  Gaoii.  Vm^  1894). 

(8)  llie  Wengen  and  Stoorea-Oaaaian  tnthoaona  and  oaloareooa 
ma  of  EnnebaiK  ^^  Ampeaxo  repieeent  time-equiTalenta  of  part 
r  flie  oaloaieo-doloinitio  aenea  aonth  of  the  Bndienatein-Hahlkneoht 
iiaege  wiua  of  fiuiiea,  that  area  having  been  one  of  the  ohief  localitiee 
roontempoxaneona  emptive  fraotnre-planea. 

(4)  In  many  caaea  tne  paaaage-areaa  between  faoiea  of  different 
dSological  oharaoter,  aa  well  aa  the  paaaage-banda  between  aob* 
loent  rook-groopa  of  different  lithoh^oal  diaraoter,  have  been  the 
iat  of  anbaMoent  differential  movement  or  diatortion.  So  that  the 
Mn^ex  local  developmenta  of  paaaage-azeaa  and  paaaage-banda  in 
16  Upper  Trias  of  South  Tyrol  have  induced  many  looal  effecta  of 
!oaa  -  movement  which  now  complicate  the  stratigraphy  of  that 
iatrict. 

(5)  The  more  general  movements  associated  with  Cretaceous- 
ertiary  upheaval  in  the  Eastern  Alps  have  called  forth  an  east- 
eat  strike,  which  must  be  regarded  as  fundamental  in  the  district, 
id  also  a  cross-compression  from  east  and  west  or  slightly  oblique 
[rections.  The  complex  resultant  system  of  folds,  faults,  and 
rerthrusts  has  been  out  by  subsequent  faults  associated  with  local 
ibaidences. 


[. — ^Thi   Gsoloot  of  Bad   Nauheim   and   its   Thermal   Salt* 

Spbimos. 

By  A.  Vauohan  Jbxnxnos,  F.L.S.,  F.G.S. 

I.  Introduction. 

II.  General  PhyBiogxaphy. 

III.  The  Rock-Formations  present. 

IV.  The  Springs,  Borings,  and  '  Salines.' 
y.  The  Geological  Problems  involTed. 

I.  Intboductiom. 

ntLUi  eastern  extremity  of  the  wooded  range  of  the  Taunus,  where 
L  its  last  spurs  slope  down  to  the  Wetterau  Plain  and  the 
Teams  from  its  valleys  give  up  hurrying  and  wander  lazily 
sroas  the  fertile  flats  towards  the  Main,  has  been  a  spot  rich  in 
iterest  since  at  least  pre-Germanic  times.    The  ancient  Kelta^  ^h^w 
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overwhelmed  b;  their  Gerroanio  foea,  left  behind  them,  now  deep  in 
the  detritus  at  the  foot  of  the  Johaonisberg,  their  hearths,  ohia^ 
and  tnillBtoQes,  mixed  up  with  shells  and  bones.  Id  addition  to  than 
typical  relics  of  the  raoe,  there  have  also  been  found  speoial  fomu  of 
earthen  vessels,  used  evidently  for  evaporetinji;  the  waters  of  tin 
saline  springs.  The  tribes  desoribed  b;  Taoitus  aa  being  in 
possession  at  the  end  of  the  first  oentui;  do  not  seem  to  have  Mn 
Bimilarly  enterprising,  but  it  is  known  the  viotorions  F 
the  third  century  resorted  thither  for  niedioinal  hatha. 


Tlie  place  wns,  in  fact,  a  Roman  sanatorium  sixteen  oenturui 
before  the  modern  Teuton  evolved  the  'Kur'  to  omsic,  or  the 
somewhat  over-subtle  phonendoscope  whispered  in  the  doctor's  eai 
of  fell  diseases  tliat  are  at  work  below,  and  perhaps,  oocasionally, 
of  some  that  are  not.  In  modiiBval  times  and  throughout  the  later 
centuries  its  ancient  reputation  was  auetaiued  aod  increased.  The 
nineteenth  has  seen  the  opening  of  a  system  of  baths  in  1835,  which 
has  so  advanced  in  public  estimation  that  the  number  of  visitors  hss 
risen  in  CO  years  from  189  to  17,760,  and  of  baths  from  some 
112.000  in  1890  to  over  227,000  in  1897. 

It  is  not,  however,  the  object  of  this  paper  to  give  statistics  or 
to  advertise  a  health  resort.  The  above  figures  are  quoted  only  to 
indicate  the  growth  of  the  place  as  a  justification  for  giving  sosM 
account  of  its  geological  features  in  English.  Several  thousand!  of 
the  visitors  annually  are  British,  and  I  have  found  that  there  really 
is  a  small  percentage,  even  of  these,  who  would  be  glad  to  koo* 
something  of  the  etructure  of  the  country  wbioh  produces  tlw 
vralcn  they  seek  to  benefit  by. 
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;  ia  a  matter  of  great  difGoaltj  to  obtain  information  on  the  spot, 
tie  geological  map  and  its  description  are  old  ami  out  of  print ; 
le  the  excellent  gaide,  written  in  1868  by  Herr  Bergrath  Otto 
is'  and  Dr.  Groedet,  contains  \a  its  geolosioal  chapter  aome 
rs  as  to  the  order  of  suoceiston  of  strata  wbiob  lat«r  research 
oorreoted,  and  is  insaffioiently  iLlnstrated  to  give  a  dear  idea  of 
ctnral  features.  This  is  m;  excuse  for  attempting  to  give  some 
of  account  of  the  district,  though  an  imperfect  one.  For  many 
iie  details  I  am  of  course  indebted  to  the  older  works  mentioned 
lie  end,  hut  on  the  other  hand  a  ooniiderable  part  of  the  following 
)•  at6  from  personal  observation,  though  made  only  on  short 
va&oat  mider  conditions  of  a  neoessarily  limited  activity. 


Fio.  a.— Geological  Skelch-map  of  country  around  Bad  Nauheim. 
B.  Blattersandsteia.  0.    Orthoceras-Mhicfer. 

D.  Devoninn  series.  Sp.  Spirifeteo-aandsltin. 

T.  Tnunos.quaizit. 

II.    Genebai,  Fiivsiography. 

he  old  village  of  Bad  Nauheira,  and  the  new  town  which  has  gi-own 

)e8itle  it  round  the  springs,  lie  at  the  foot  of  the  Johannisberg. 

bill,    rising    858    feet  above   the    sea    and    about    390  feet 

re  the  plain,  is  wooded  at  the  top  and  on  the  northern  slopes ; 

Herr  Weia*  has  been  idcnlitiecJ  wilh  the  history  of  the  locality  from  the  earliest 
of  organized  baths,  and  knriWB  more  than  anyonu  else  as  Ifl  the  various  borings. 
fM  most  courteouslv  aillinp  to  give  all  information,  but  unfortunately  his  illness 
inted  mj  profiting  by  his  store  of  knowledge,  except  in  a  few  mit  ' 
1 1  was  on  the  point  of  leaving. 
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Tine-olad  on  its  steeper  southern  aspeot,  bat  soaired  here  and  tber»> 
by  reddish  rook  patohes  where  the  iron-stained  qnartzitea  of  whiob 
it  oonsists  have  been  quarried  for  bailding  material  or  for  road-metsL 
From  the  sammit  there  is  a  drop  on  the  sonth  and  west  to  the  saddle 
at  Hasselheok,  and  then  a  steady  rise  to  the  Winterstein  and  th» 
general  mass  of  the  Taunus.  Towards  other  points  of  the  oompsss 
one  looks  over  a  wide  Talley-oountry  with  rioh  fields  and  aoatteved 
villages  and  trees,  so  that  onr  hill  of  observation  oonstitates  as  it 
were  a  promontory  running  out  from  the  high  ground  into  the  pIaiB» 

On  the  south  the  plain  stretches  away  twenty  miles  to  Frankfnztr 
merging  into  the  broad  valley  of  the  Main.  The  plain  is  not» 
however,  a  monotonous  level,  as  in  the  foreground  rises  the  low 
hill  on  which  stands  the  old  town  of  Friedbeig,  with  its  pioturesqpe 
turreted  tower  rising  above  the  ancient  fortress.  Northward  ttie 
low  country  extends  past  Weisel  and  Butzbach  to  the  blue  distance 
round  the  Yogelsberg.  To  the  east  the  landscape  is  similarly  varied 
by  the  low  rises  behind  the  railway  and  the  more  distant  M&oxenbei]^ 
with  its  double-towered  castle. 

Taking  thus  a  comprehensive  view  of  the  whole  distriot,  the 
geologist  will  note  that  there  are  three  distinct  scenic  elements  to 
be  considered.  First,  the  Taunus  range  which  stretches  south  sod 
west  from  his  point  of  observation;  secondly,  the  relatively  low 
land  on  the  south,  east,  and  north*east ;  and  lastly,  the  detached  snd 
separated  elevations  which  rise  from  the  plain.  To  understand  the 
meaning  of  these  three  features  it  becomes  necessary  to  examine 
the  rocks  of  which  they  are  composed. 

A  superficial  examination  of  specimens  in  the  immediate  neighbour- 
hood shows  that  the  rock  is  a  white  or  reddish  '  quartzite,'  using 
the  term  in  its  widest  sense ;  more  accurately,  a  series  of  compact 
sandstones  and  grits  which  have  suffered  greater  or  less  alteration. 

There  is  in  many  places  a  well-defined  flaggy  structure,  indicating 
the  sedimentary  character  of  the  formation.  It  has  a  distinctly 
PalaBozoio  aspect,  and  in  many  places  recalls  some  of  the  British 
Devonian  strata  to  the  mind.  Such  is,  in  fact,  the  age  ascribed  to  itt 
as  it  belongs  to  the  ^  Taunus-quarzit,'  which,  though  here  devoid 
of  fossils,  is  now  known,  by  observations  elsewhere,  to  belong  ta 
the  Lower  Devonian  series.^ 

The  dip  of  the  beds  is  here  a  very  steep  one  to  the  south  and  east, 
but  many  variations  will  be  found  in  the  districts  lying  to  the  west 
In  fact,  the  whole  range  is  much  contorted  and  the  strata  doubled 
up  in  sharp  folds,  as  has  been  shown  by  Koch,  Kayser,  and  others. 

Leaving  for  future  consideration  the  question  of  the  presence  of 
other  strata  than  the  'quartzite'  in  this  Palsaozoic  ridge,  and 
descending  to  the  lower  ground,  one  meets  with  a  marked  change 
in  the  character  of  the  rocks,  though  the  wooded  condition  of  the 
ground  and  the  accumulation  of  detritus  and  Post-Tertiary  deposits 
have  to  a  great  extent  obliterated  the  abruptness  of  the  transition. 

*  The  sujj^gostion  of  Gossolet  (Ann.  Soc,  Geol.  Nord,  x^*ii,  p.  300)  that  the 
base  01  the  series  is  Archsean  does  not  ecem  to  be  accepted  by  English  or  ContineiittI 
geologists. 
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In  the  quarries  Bouth  of  Bad  Nauheim  or  round  the  village  of 
Ockstadt  there  is  a  series  of  sands,  saudstoaes,  pebble-beds,  and 
loosely  oemented  conglomerates,  whioh  are  horizontally  stratified 
and  evidently  of  far  later  date  than  the  rocks  of  the  hill.  They  are, 
in  fact.  Tertiary  beds  representing  the  infilling  of  a  great  lake  which 
once  occupied  the  whole  of  the  western  district 

If  one  crosses  the  broad  zone  of  fertile  fields  covering  these  later 
strata,  the  hill  at  Friedberg  shows  another  abrupt  change.  Here, 
thoagh  the  outer  slopes  of  the  hill  are  green  and  gradual,  there  are 
rough  black  crags  under  the  castle  of  distinctly  basaltic  appearance. 
Bound  Schwalheim  and  Wisselsheim  there  are  less  prominent 
exposures,  but  it  is  easy  to  ascertain  that  these  eastern  elevations 
are  of  the  same  lithological  nature. 

III.   The  Rook-Fokmations  pbesint. 

It  is  therefore  evident  that  the  three  scenic  features  above  referred 
to  have  a  definite  geological  meaning,  and  that  the  component 
parts  of  the  whole  area  may  be  classed  under  three  corresponding 
headings— 

A.  The  Palasozoic  Bidge. 

B.  The  Tertiary  Strata. 

C.  The  Igneous  (basaltic)  Series.' 

Before  proceeding  to  a  study  of  the  position  of  the  salt  springs 
and  borings  it  will  be  well  to  notice  in  somewhat  greater  detail  the 
characteristics  of  these  different  formations. 

A.    The  Falaozic  Ridge. 

As  has  been  already  observed,  the  PalaBOzoic  rocks  are  of 
Devonian  age ;  a  series  of  flaggy,  more  or  less  ferruginous,  altered 
sandstones,  grits,  and  *  quartzite.'  They  are  evidently  of  sedi- 
mentary origin  and  belong  to  the  * Taiinus-quarzit *  group;  over- 
lying the  *  Sericit-schiefer,'  but  stratigraphically  below  the  other 
members  of  the  Devonian  system.  Fossils  are  apparently  absent, 
though  some  obscure  plant  remains  are  said  to  have  been  found  near 
the  Winterstein.  The  strike  is  N.E.-S.W.,  and  the  dip  varies  from 
28°  S.E.  to  72°  or  more  in  the  same  direction.  It  is  not  probable 
that  the  student  will  meet  with  any  other  form  of  Palroozoic  rock  in 
the  neighbourhood,  but  it  he  has  an  opportunity  of  consulting  the 
geological  map  he  will  find  certain  other  formations  recorded. 
Thus  the  *  Stringocephalen-kalk  *  is  mapped  as  occurring  near 
Hasselheck.  I  have  been  unable  to  find  it  there,  and  in  suggesting 
a  doubt  as  to  its  presence  I  am  glad  to  find  I  have  the  support  of 
Professor  Wittich.  The  *  Orthoceras-schiefer '  are  similarly  marked 
as  cropping  out  by  the  Teich  and  north  of  Nieder  Morlen,  but 
I   have   not  been  able   to  identify  them  in  either    locality.      The 

*  Throughout  this  paper  the  Post- Miocene  deposits  are  left  out  of  consideration. 
There  is  doubtless  much  interesting  matter  awaiting  study  in  this  direction,  and 
Hen  Professor  E.  Wittich  (see  list  of  references  at  end)  has  studied  what  he  regards 
as  Pliocene  and  Glacial  beds  in  the  neighbourhood. 
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*  Spiriferen-Bandstein '  is  recorded  from  the  borings,  bat  has  not  been 
mapped  as  appearing  at  the  surface  in  the  immediate  neighbourhood.^ 
In  the  concluding  section  of  this  paper  the  relationship  of  these 
formations  will  be  again  referred  to,  and  a  possible  explanation  of 
their  position  in  the  borings  suggested.  Ev^en  if,  however,  there 
have  been  errors  of  observation  in  the  field,  it  is  probable  that  the 
evidence  of  the  borings  may  be  trusted  in  showing  the  existenoe 
of  these  formations  below  the  surface.  Comparison  with  other 
districts  would  lead  one  to  expect  them  here,  as  the  asnal  saooession 
for  North  Germany  is  as  follows : — 

(A)  Upper  DeTOBian  {  g^^^fc*^^^^^  }  Absent. 

I  (B)  Middle  Devonian  {  aZ«'oS-oceras.achiefer.' 

a  (C)  Lower  Devonian  ji-^^^X"'")  =' Spiriferen..andstein. 
(C)  Lower  DeTonian     Taunus-auarzit. 

\  Tauniu-pnyllite  s  *  Sericit-schiefer.' 

B.   The  Tertiary  Strata. 

The  softer,  almost  horizontally  stratified,  beds  which  form  the 
fertile  fields  of  the  Wetterau  belong,  as  already  stated,  to  Oligooene 
times.  In  the  south-west  the  whole  series  of  strata  is  well  seen, 
but  at  Bad  Nauheim  itself  it  is  only  the  upper  part  that  is  repre- 
sented at  the  surface.  In  the  quarries  south  of  the  town  and  round 
Ookstadt  this  portion,  however,  is  typically  developed  and  easily 
observed.  In  places  there  are  loosely  compacted  sands,  beautifully 
colour-banded,  and  reminding  one  of  those  at  Alum  Bay.  Other 
beds  consist  of  coarso  quartz-sand  with  some  ferruginous  cementi 
but  infiltrated  with  calcito,  the  shining  cleavage  faces  of  which 
often  extend  over  considerable  areas.  Selenite  and  chalybite  are  also 
commonly  present.  In  the  coarser  beds  the  pebbles  of  older  rocks 
are  frequently  coated  with  concentric  pellicles  of  yellow,  brown,  or 
brilliantly  red  iron  oxides,  and  a  remarkable  ferruginous  con- 
glomerate results. 

In  spite  of  their  varied  character  these  strata  appear  to  belong 
all  to  the  *  Blattersandstein.*  Though  unfossiliferous  here,  they 
contain  at  Miinzeuberg  such  mollusca  as  Litorinellaf  Cyrena,  Uniot 
Cyclas,  and  Helix,  as  well  as  leaves  of  plants  such  as  Cassia,  Bosa, 
Acer,  Ficus,  Cinnamomum,  Snpindus,  Amygdalus,  and  Cratagus, 

Below  the  Blattersandstein  comes  the  *  Litorinellen-kalk,'  a 
yellowish  limestone  with  fossils ;  again  partly  of  fresh  and  partly 
of  brackish  water  habit     Succinea,  Pupa,  Helix,  and  Neritina  occur 

*  The  nearest  is  a  little  west  of  Obor  Morion,  where  it  is  said  to  occur  with  a  dip 
of  40°-60^  S.E.  in  the  same  strike  line  as  the  Oppershofen-Krausberg  outcrop, 
where  characteristic  fossils  occur.  A  patch  of  schiefer,  believed  to  be  equivalent  to 
those  of  PfafPenwiesbach  containing  Orfhoceras,  is  mapped  as  occurring  immediately 
south  of  the  sandstone. 

*  All  these  strata  are  unfossiliferous  at  Bad  Nauheim,  but  in  the  Koblenz  district 
contain  characteristic  types,  such  as  Jirnsseleria,  Meganterit,  Fentamerut,  and 
Cfenocrinns.  In  other  parts  there  occur  Stronuitopora,  Calamopora,  FeruzUlU,  and 
Chottitei  saretnulata. 
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)gether  with  Oyrena  and  Mytilus.  A  speoially  interesting  feature 
\  the  occurrenoe  at  Bonstadt  of  porous  limestones,  evidently  formed 
7  incrustation  of  Algaa  such  as  Vawheria  and  Chara,  with  shells 
earing  a  fibrous  overgrowth,  apparently  due  to  incrustation  of 
^h€diophora. 

Under  this  lies  the  <  Cerithienkalk/  with  Nerita,  MytiluSf  and 
itorina  in  association  with  familiar  friends  of  the  Hampshixe 
>asin,  such  as  Cerithium  pltcatum,  Lam.,  and  Cytherea  incrassata, 
ow. ;  passing  gradually  below  into  the  '  Cerithiensand  and  Sand- 
tein.'  In  this  case  also  there  are  beds  with  typical  land  or  fresh- 
water shells — Helix,  Bulimus,  Pupa,  and  Planorbis — but  these  occur 
1  narrow  and  unimportant  bands,  while  the  associated  strata  contain 
ot  only  the  brackish- water  genera  but  also  such  marine  forms  as 
Wna,  FuBUB,  and  Bulla. 

At  the  base  of  the  series  lies  the  '  Cyrenenmergel/  a  blue  or 
ellow,  clayey  or  sandy  deposit,  in  which  the  proportion  of  marine 
iiells  is  still  greater,  and  includes,  in  addition  to  those  above 
lentioned,  Nucula,  Buceinum,  and  Murex. 

C.    The  Igneous  Series, 

The  hills  formed  by  the  third  group  of  rooks  in  the  Nauheim 
eighbourhood  have  been  spoken  of  as  interrupting  the  continuity  of 
le  Tertiary  plain,  but  they  do  not  rise  with  the  striking  abruptness 
r,  for  instance,  the  phonolitic  Hohentwiel  and  neighbouring  basaltic 
ills  in  Southern  Baden.  They  are  low,  rounded  elevations,  except 
b  the  north  end  of  the  Friedberg  outcrop,  evidently  parts  of  lava 
ows  rather  than  denuded  volcanic  necks. 

The  rock  itself  appears  to  be  a  typical  dark  basalt;  often  compact 
od  without  crystals  distinguishable  by  the  eye,  but  at  times  with 
istinct  clear  green  olivines.  It  is  rarely  slightly  vesicular,*  but 
lows  a  slight  tendency  to  columnar  jointing  in  places.  Weathering 
jsults  in  the  usual  pale-brown  crust,  and  often  a  rough  spheroidal 
Tucture  is  revealed  in  the  process. 

Surface  accumulations  seem  everywhere  to  mask  its  actual  contact 
'ith  the  Tertiary  beds,  but  I  have  been  unable  to  observe  any 
henomena  of  metamorphism  in  the  latter.  This  at  first  sight  gives 
ae  the  impression  that  the  basalts  are  older  than  the  Oligocene 
rata,  but  there  is  evidence  elsewhere  to  show  that  such  is  not  the 
ise.  At  Wickstadt,  for  example,  the  Litorinellen-kalk  is  overlaid 
y  basalt 

IV.    The  Springs,  Borings,  and  'Salines.* 

Having  thus  obtained  some  insight  into  the  nature  of  the  strata 
f  the  district,  one  is  led  to  consider  what  is  the  relationship  between 
le  character  of  these  rocks  and  the  presence  of  the  thermal  and 
dine  springs  to  which  the  locality  owes  its  fame.  With  this  in 
iew  it  will  be  necessary  to  note  in  some  detail  the  position  and 

*  There  is  a  brownish -p^rcy  scoriaceous  rock,  which  is  twed  in  Nauheim  for  kerb- 
ones,  etc.,  but  which  I  could  not  find  in  iitit.    Closer  observation  showed  the 
resence  in  it  of  clear  blue  Hauyn  crystals,  and  it  probably  corner  lioisi  \Xvft  '^^- 
lown  quarries  of  ^^iedennendig. 
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Subordinate  moTements  have  readily  taken  place  at  tbe  planes 
where  the  more  rigid  and  the  more  plastic  rock-groups  have  been 
next  one  another.  Thus  local  conditions  have  piXKluoed  locil 
modification  of  the  more  general  movements  dne  to  oompressioa 
and  cross-compression  of  this  district  in  snbsequent  epochs  of  Alpine 
upheaval. 

In  addition  to  its  use  in  the  solution  of  the  stratigraphy,  the  value 
of  an  Upper  Cassian  fauna  is  in  the  link  it  adds  to  the  Upper  Trias 
chain  of  faunas  in  South  Tyrol.  Its  discovery  and  its  identifioatioa 
by  me  in  1898  as  a  transitional  Cassian-Baibl  zone  established,  for 
the  first  time  in  South  Tyrol,  a  closely  connected  series  of  pabeonto- 
logical  zones  traceable  through  Wengen-Oassian-Baibl  periods.  Hie 
Upper  Cassian  zone  has  therefore  given  important  evidence  of  the 
impracticability  of  placing  a  palsdontological  limit  between  Middle 
and  Upper  Alpine  Trias  anywhere  within  that  series.  The  transition 
from  Baibl  horizons  to  Dachstein  Dolomite  in  Enneberg  and  Ampeno 
also  takes  place  quite  gradually,  as  evidenced  by  species  of  the  geons 
Megalodus,  Hence  the  only  subdivision  between  middle  and  Ui^ar 
Trias  which  seems  natural  in  the  *  Dolomites '  is  between  the  Upper 
Muschelkalk  (Buchenstein  strata  of  some  authors)  and  the  Wengen 
series,  that  is,  at  the  horizon  of  Triassic  time,  when  eruptive  material 
began  to  be  incorporated  with  the  local  sediments  of  thafc  ana. 
(Cf.  von  Wohrmann,  "  Die  Baibler  Schichten,"  1893 ;  Bothpleti, 
"  Qnerschnitt,"  1894;  Salomon,  "  Palsdontographica,"  1895;  von 
Zittel,  "  Zeitsohrift,"  1899.) 

A  farther  confirmation  of  the  presence  of  a  transitional  Oassian-BaiU 
fauna  in  the  '  Dolomites '  has  been  given  by  the  fauna  in  the  '  Paehtf' 
eardia  Tuffs '  of  the  Seiser-Alpe.  Geheimrath  von  Zittel,  who  made 
the  discovery,  during  a  geological  excursion  with  his  students,  that 
these  tuffs  contained  a  large  number  of  Haibl  forms  in  addition  to 
Cassian  forms,  has  since  published  a  short  account  of  the  fannal 
characteristics  of  these  tufaceous  horizons  at  the  Seiser-Alpe  (von 
Zittel,  "  Zeitschrift,"  1899;  also  Rotbpletz,  « Zeitschrift,"  1899). 
The  preliminary  notes  on  the  stratigraphy  given  by  Prof.  BothpleU 
show  that  these  tuffs  at  the  Seiser  Alpe  rest  conformably  upon  strata 
containing  a  Stuores-Cassian  fauna,  so  that  in  this  important  feature 
their  position  at  the  Seiser-Alpe  agrees  with  that  which  I  determined 
at  Falzarego  Valley  and  other  localities.  The  'Cipit  Limestones' 
also  occur,  as  blocks  or  irregular  banks,  at  various  horizons,  in  the 
way  that  I  described  for  other  localities  along  the  Buchenstein* 
Mahlknecbt  area  of  eruptive  invasions.  "  Along  the  hem  of  this 
volcanic  girdle  communities  of  Corals  and  Echinoderms  settled  and 
formed  a  series  of  small  barrier  reefs  (Cipit  Limestones),  frequently 
interrupted  in  their  growth  by  fresh  lavas  "  (aut,  l.o.,  1894). 

But,  compared  with  the  Falzarego  Valley  fauna,  the  *  Pachycardia- 
tuff'  fauna  bears  a  distinct  local  impress.  For  example,  just  as 
I  never  found  Pachycardia  Baueri  in  the  higher  Haibl  horizons  of 
Falzarego  Valley,  so  I  never  found  Pachycardia  rugosa,  the  leading 
fossil  of  the  Pachycardia  tuffs,  in  the  Upper  Cassian  zone  of 
Falzarego  Valley.     Both  may  be  there,  as  my  personal  coUectioD 


If.  Ogihie  GfardoH — Fauna  of  Upper  Cassian,  South  Tyrol.     347 


Mm  only  repiesent  a  small  part  of  the  fauna,  but  they  at  least  oannot 
36  oommon. 

A  similar  impression  of  narrow  spaoial  limitation  is  given  by  eaob 
>f  the  looal  developments  of  a  fossiliferous  Upper  Cassian  zone,  at 
leilig  Ereuz,  Seelaiid  Alpe,  Misurina,  and  Bimbianoo.  This  horizon 
>f  Upper  Triassio  time  is  oharacterized,  therefore,  not  only  by 
narked  dififerences  in  the  looal  lithologioal  faoies,  but  also  by 
narked  local  specializations  in  the  aspect  of  contemporaneous  fannaa 
nhabiting  neighbouring  seas  and  lagoons.  Many  of  the  fossils  have 
affinity  with  Cassian  or  Baibl  species,  yet  can  neither  be  identified 
rith,  nor  clearly  distinguished  from  these.  Hence,  we  may  regard  it 
18  probable  that  those  specialized  Upper  Cassian  faunas  induded, 
imongst  the  species  peculiar  to  themselves,  certain  types  due  to 
trong  adaptation  or  to  retrogression.  And  we  may  learn  from 
he  faunas  of  the  Upper  Cassian  zone,  no  less  than  from  those  of 
he  higher  Baibl  zones,  that  there  are  biological  questions  in  South 
[*yrol  which  concern  the  occurrence  of  pelagic  and  of  littoral  faunaa 
18  local  colonies  in  a  neighbourhood  of  very  unequal  depth  and 
object  to  volcanic  interruptions  in  the  form  of  lavas,  tufifs,  and  fine 
x>lcanio  sand.  These  questions  are  one  with  the  consideration  of 
ithological  fades  in  the  same  district 

The  following  table  of  Upper  Trias  strata  in  South  Tyrol  repre- 
ents  the  zonal  succession  and  local  occurrence  of  fades  as  described 
Q  former  papers  (of.  Oeol.  Mao.«  1894,  PI.  II,  and  Q.J.O.S., 
.893,  p.  16). 


Fassa-Schlebn, 

south  of  the  £ucheiiBteiQ< 

Mahlknecht  eruptive 

fractures. 


2 


Baibl  series. 


Dach 


-^  1  Schlem  Dolomite. 


Within  Ennebbro  and  Ampezzo, 
north  of  the  Buchenstein-Mahlknecht  eruptive 

fractures. 


stein  Dolomite. 

or  Upper  Raibl  series  (von  Wohrmann), 

with  Ostraa  and  Megalodus  beds, 
or  Lower  Raibl  series  (von  Wiihrmann), 
equivalent  to  Upper  Cardita  series  in 
Schlem    ^       North    Tvrol,    represented  by  **  red 
Dolomite    i       Schlem  Plateau  fossiliferous  series "  or 
by  a  varying  thickness  of  stratified 
dolomite  in  South  T)To1. 
or  Upper  Cassian  tuf  aceous  series  (Ogil vie) , 
with  AHnda  beds. 
Cassian  series  in  '  Stuores '  development. 
Wengen  series,  with  Halobia  Lommeii, 


Upper  Zone  of  Muschelkalk  or  Middle  Trias. 


As,  however,  Baron  von  Wohrmann,  in  his  comparative  work  on 

The  Baibl   Strata,"    found   the    palBBontological    transition   quite 

radual  throughout  the  Cardita  and  Eaibl  zones  in  South  Tyrol,  he 

loluded  the  whole  series  from  the  Halohia  Lommeii  to  the  Ostraa 

eds   as  Raibl   strata   in  wider   sense    (cf.   **  UeberalcUl^l^b^iW^  ^. 
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Baibler  Sohiohten":  Jahrb.,  1893).  Heooe,  to  ooDtinae  to  oall  the 
'Red  Scblem  Plateau'  series  'Lower  Baibl'  would  ondoabtadly 
cause  confusion.  The  distinction  of  Upper,  Middle,  and  Lower 
Zones  in  a  series  of  'Baibl  strata'  (using  tbe  term  in  tbe  now 
wider  sense  given  by  von  Wobrmann),  might  be  locally  poisible^ 
but  at  tbe  present  time  it  is  more  important  to  arrive  at  a  deer 
presentation  of  tbe  complete  series  of  pabBontologioal  cones  in  aaeh 
Alpine  locality.    Thus  in  South  Tyrol  we  have : 

LEADING  FOSSIL-TYPES 
in  the  Wengen-Cassian-Eaibl  series  ('  Eaibler-Sch.'  in  wider  sense,  Ton  Wdhrmaim). 

^  'Tobbu'-Raibl  Zone:  Ostraa  monti$  caprilis,  Mtft- 
iodut  triqueter,  etc.  fdivene  local  deTelopDMOtB  of 
volcanic  marls  and  sana,  limestone,  gypsum,  aokMniie). 

*Bbd  Schlbrn  Platbau*  Raibl  Zonb:  BukffitriU 
Haueri,  Myophoria  Kefertteiniif  MyopheriinrHmm 
limatum,  etc.  (diTerae  local  developments  of  volottiB 
sand  and  calcaieo-dolomitic  faciee;  moUnsean  fnaai 
contain  almost  exclusively  Baibl  species). 


All  pass  into  the 

Calcareo  -  dolomitic 

fades  in  Soutii  Tyrol ; 

von  Richthofen's 
^ScuLERN  Dolomite.' 


Upper  Cassian  ob  Traztsitiokal  Tuff  Zone:  Avtatk 
Sturiy  Tofana,  and  Cortinentis,  Fteten  Lamirmmty 
etc.  (diverse  local  facies  of  Upper  Caasian  sskms. 
containing  a  mixed  fauna  of  Casciau  and  Baiu 

species). 

Stuorbs-CassianZonb:  Koninckina  Leonhtirdti,  OmriiU 
cfenata,  Nucula  itrigllata  (tufuoeous,  marly,  and 
calcareous  series,  containing  almost  exclusively 
Cassian  species). 

Wexoen  Zone  :  Halohia  Zommtli,  MonophyUitu 
WengenisiSf  Ttaehycerat  Archelaus^  Poaidonomy§ 
irenycfisisy  etc. ;  series  of  shales  and  limestones, 
grits,  tuffs,  and  lavas. 

Summary. 

(1)  Conformably  above  strata  containing  the  typical  or  Stuores- 
Cassian  fauna  as  knovi^n  before  my  paper  of  1893,  and  below  any 
palaeontologioally  well-defined  Raibl  horizon,  so  regarded  before 
von  Wohrmann's  paper  of  1893,  I  found  in  Falzarego  Valley  in 
1891  a  series  of  tufaoeous  breccias,  shales,  and  quartziferous  sand- 
stones, containing  a  transitional  Cassian-Raibl  fauna,  and  passing 
upward  into  interstratified  dolomite,  dolomitic  limestone,  and  volcanio 
eand  and  marl,  or  into  a  wholly  dolomitic  group  of  strata.  The 
latter  I  termed  '  Schlern  Dolomite,'  stating  it  to  be  tbe  time- 
equivalent  in  part,  or  wholly,  of  the  'red  Schlern  Plateau  fossiliferoos 
strata'  which  von  Wohrmann  had  in  1892  called  a  Lower  RaiU 
zone  in  South  Tyrol.  Revised  identifications  of  my  Falzarego 
Valley  material,  carried  out  in  accordance  with  the  recent  special 
monographs  on  Alpine  Molluscan  faunas  by  Dr.  Bittner,  Dr.  Rittl, 
Dr.  J.  Bohm,  and  others,  have  fully  corroborated  tbe  palsdontologioal 
/position  which  I  gave  to  the  fauna  in  1893-4  as  a  local  *  tuff'  facies 
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if  part  of  the  Sdhlem  Dolomite,  oompruing  a  gmdoal  transition  from 
I  typioal  Stooret-CSafsian  fiuina  to  the  *  Travenanzea '  Baibl  fauna  of 
ihe  Fabsarego  distriot 

(2)  The  Wengen  and  Staoret-Gasaian  fosailiferona  tnfaoeoos  aeries 
m  present  throughout  the  distriot  of  Enneberg  and  Ampeszo  in 
XNnpIeto  lonal  development  These  palsBontologioal  sones  are 
lierefore  noi^  as  has  been  said,  the  tnfaoeous  faoies  of  the  dolomitio 
XKk  oomposing  the  massives  in  these  areas.  On  the  other  hand,  the 
Upper  Gassian  aone  and  the  higher  Baibl  aones  are  developed  in 
rarying  degree  wOhin  Enneberg  and  Ampezzo  as  looal  faoies  of  looal 
kdomitio  sediments.  *  Cipit  Limestones '  ^the  true  ooxal*reefs  of  tiie 
Hataiot)  ooonr  both  in  the  tufiM)eous  and  m  the  dolomitio  fitdes  at 
iD  horixons  as  oooasional  looal  beds  of  oomparatiTelj  small  thioknesa 
[ioa  dt,  OsoL.  Hacl,  1894). 

f 8)  The  Wengen  and  Stuores-Oassian  tnfJMeous  and  oaloareoua 
mes  of  Ennebera  and  Ampezzo  represent  time-equtTalente  of  part 
)f  die  oaloareo-doiomitio  senes  south  of  Uie  Budhenstein-MaUkneoht 
Miaaage-area  of  faoies,  that  area  having  been  one  of  the  ohief  looalities 
if  oontomporaneous  eruptive  fraoture-planes. 

(4)  In  many  oases  the  passage-areas  between  faoies  of  different 
iuiologioal  oharaotor,  as  well  as  the  passage-bands  between  sub- 
aoent  rook-groups  of  different  lithologioal  obiraotor,  have  been  the 
leat  of  subsequent  differential  movement  or  distortion.  So  that  the 
xmiplex  looal  developments  of  passage-areas  and  passage-bands  in 
he  Upper  Trias  of  South  Tyrol  nave  induoed  many  looal  effects  of 
sross  -  movement  whioh  now  oomplicate  the  stratigraphy  of  that 
listriot. 

(5)  The  more  general  movements  associated  with  Oretaoeous- 
Pertiary  upheaval  in  the  Eastern  Alps  have  called  forth  an  east- 
^est  strike,  which  must  be  regarded  as  fundamental  in  the  district, 
md  also  a  cross-compression  from  east  and  west  or  slightly  oblique 
iireotions.  The  complex  resultant  system  of  folds,  faults,  and 
>verthrusts  has  been  cut  by  subsequent  faults  associated  with  local 
lubsidences. 
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By  A.  VAroHAN  Jexninob,  F.L.S.,  F.G.S. 

I.  Introduction. 
II.  General  Physiography. 

III.  The  Rock- Formations  present. 

IV.  The  Springs,  Borinp,  and  '  Salines.* 
V.  The  Geological  Problems  inyolyed. 

I.  Intboduction. 

rHE  eastern  extremity  of  the  wooded  range  of  the  Taunus,  where 
its  last  spurs  slope  down  to  the  Wetterau  Plain  and  the 
itreams  from  its  valleys  give  up  hurrying  and  wander  lazily 
loross  the  fertile  flats  towards  the  Main,  has  been  a  spot  rich  in 
nterest  since  at  least  pre-Gcrmanic  times.    The  ancient  Kelts,  ^\\^tv 
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OTernhelmed  by  their  Qennanio  foes,  left  behiod  tbam,  now  deep  in 
the  detritus  at  the  foot  of  the  Johauntsberg.  their  hearths,  ohiseli, 
and  millBtones,  mixed  up  with  shells  and  bones.  In  addition  to  tliest 
typical  relics  of  the  nioe,  there  hare  also  been  found  qwoial  fonni  of 
earthen  vessels,  used  evidently  for  evaporating  the  waters  of  tlu 
saline  springs.  The  tribes  desoribed  by  Taoitns  as  being  in 
possession  at  the  end  of  the  first  oentniy  do  not  seem  to  have  been 
similarly  enterprising,  but  it  is  known  the  victorions  Bomana  of 
the  third  century  resorted  thither  for  medicinal  baths. 


FiO.   1. — Bad  Navheih.     View  looking   KP?t.      In  the   foniCTomid    the    GrtMcr 

SpmdtlanilFriedrich-Wilhelni'sQudle  [Borings  7  und  1!].  The  Johanniibeig 

in  the  distaace. 

The  place  was,  in  faot,  a  Roman  sanatorium  sixteen  centaries 

before   the   modern   Teuton   evolved   the  'Eur'  to  music,  or  the 

somewhat  over- subtle  pfaunendoBcope  whispered  in  the  doctor's  ear 

of  fell  diseases  that  are  at  work  below,  and  perhaps,  occasionally, 

of  some  that  are  not.     In  mediteval  times  and  throughout  the  later 

centuries  its  ancient  reputation  was  sustained  and  increaaed.     The 

nineteenth  has  seen  the  opening  of  a.  system  of  baths  lu  1885,  which 

has  so  advanced  in  public  estimation  that  the  number  of  visitors  has 

risen  in  60  years  from  189  1o  17,760,  and  of  baths  from  some 

112,000  in  1890  to  over  227,000  in  1897. 

It  is  not,  however,  (he  object  of  this  paper  to  give  statistics  or 
to  advertise  a  health  resort.  The  above  figures  are  quoted  only  to 
indicate  the  growth  of  the  place  as  a  justification  for  giving  soma 
account  of  its  geological  features  in  English.  Several  thousands  of 
the  visitors  annually  are  British,  and  I  have  found  that  there  really 
is  a  small  percentage,  even  of  these,  who  would  be  glad  to  knov 
something  of  the  structure  of  the  country  which  produces  tbs 
wafers  they  seek  to  benefit  by. 
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It  ii  a  mKttsT  of  gjsat  diffionlty  to  obtun  infonnatioo  on  the  apot, 
u  the  geologiral  map  and  its  dMoription  are  old  and  ont  of  pnot ; 
whils  the  ezoellent  guide,  written  in  1888  b;  Herr  Bergrath  Otto 
Weiaa'  and  Dr.  Oroedal,  oontaina  in  ita  geolt^oal  chapter  soms 
▼iawa  aa  to  the  order  of  antweaBion  of  atrata  wbioh  later  reaeardi 
haa  ootreoted,  and  ia  inaaSoiently  illaatrated  to  give  a  clear  idea  of 
atmotaral  flMturea.  Thia  is  my  exonae  for  attempting  to  gire  some 
■ort  of  oooonot  of  the  diatrict,  though  an  imperfect  one.  For  many 
of  the  detaila  I  am  of  ooarae  indebted  to  the  older  worka  mentioned 
at  the  end,  bat  on  the  other  hand  a  oooaiderable  part  of  the  following 
notei  are  horn  peraonal  obaervatton,  though  made  only  on  abort 
axoorrioBB  nndsr  amdittona  of  a  naceaaaHly  limited  aotiTity. 


Fto.  2. — Geological  Sketch-mup  of  eoonby  aroand  Bod  Nauheim. 
B.  Blattenaoditein.  0.    Ortlioceras-achicfer. 

D.  Devanisn  seriea.  8p.  Spirifersu-eaaibtda. 

T.  TauDM.quanit. 

II.    Gbnebal  Phtbiograpuy. 

The  old  village  of  Bad  Nauheira,  and  the  new  town  whioh  has  grown 

np  heaide  it  round  the  springa,  lie  at  the  foot  of  the  Jahannisbeig. 

Ilie     hill,    riaing    858    feet  above   the    aea    and    about    390  feet 

above  the  plain,  is  wooded  at  the  top  and  on  the  northern  alopea ; 

■  HeiT  WelM  haa  been  identified  with  the  history  of  the  loculitj  from  the  eailieat 
dsjB  of  organized  bathi,  and  Imowi  more  than  anyone  else  aa  to  the  various  baringa. 
He  waa  moot  eourteauslr  icilling  to  give  all  information,  but  unfortunately  his  illness 
prevented  my  profltinff  by  his  store  of  Imoirledge,  except  in  a  few  minutes  interview 
when  I  WM  ott  the  point  of  leaving. 
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Tine-olad  on  its  steeper  southern  aspect,  bat  soaired  here  and  then^ 
by  reddish  rock  patches  where  the  iron-stained  quartzites  of  whidk 
it  consists  hare  been  quarried  for  bnilding  material  or  for  xoad-metiL 
From  the  summit  there  is  a  drop  on  the  south  and  west  to  the  saddle 
at  Hasselheck,  and  then  a  steady  rise  to  the  Winterstein  and  the 
general  mass  of  the  Taunus.  Towards  other  points  of  the  oompais 
one  looks  over  a  wide  valley  •country  with  rich  fields  and  acatteied 
villages  and  trees,  so  that  our  hill  of  observation  oonstitates  as  it 
were  a  promontory  running  out  from  the  high  ground  into  the  idaio» 

On  the  south  the  plain  stretches  away  twenty  miles  to  FranKfmir 
merging  into  the  broad  valley  of  the  Main.  The  plain  is  not, 
however,  a  monotonous  level,  as  in  the  foreground  rises  the  low 
hill  on  which  stands  the  old  town  of  Friedberg,  with  its  piotarssqne 
turreted  tower  rising  above  the  ancient  fortress.  Northward  the 
low  country  extends  past  Weisel  and  Butzbaoh  to  the  blue  dbtanoe 
round  the  Yogelsberg.  To  the  east  the  landscape  is  similarly  varied 
by  the  low  rises  behind  the  railway  and  the  more  distant  M&izenbeifp 
with  its  double-towered  castle. 

Taking  thus  a  comprehensive  view  of  the  whole  district,  tlie 
geologist  will  note  that  there  are  three  distinct  scenic  elements  U> 
be  considered.  First,  the  Taunus  range  which  stretches  south  and 
west  from  his  point  of  observation;  secondly,  the  relatively  low 
land  on  the  south,  east,  and  north-east ;  and  lastly,  the  detached  and 
separated  elevations  which  rise  from  the  plain.  To  understand  the 
meaning  of  these  three  features  it  becomes  necessary  to  examine 
the  rocks  of  which  they  are  composed. 

A  superficial  examination  of  specimens  in  the  immediate  neighbour- 
hood shows  that  the  rock  is  a  white  or  reddish  'quartzite/  using 
the  term  in  its  widest  sense ;  more  accurately,  a  series  of  compact 
sandstones  and  grits  which  have  suffered  greater  or  less  alteration. 

There  is  in  many  places  a  well-defined  flaggy  structure,  indicating 
the  sedimentary  character  of  the  formation.  It  has  a  distinctly 
PalaBOzoio  aspect,  and  in  many  places  recalls  some  of  the  British 
Devonian  strata  to  the  mind.  Such  is,  in  fact,  the  age  ascribed  to  it, 
as  it  belongs  to  the  '  Taunus-quarzit,'  which,  though  here  devoid 
of  fossils,  is  now  known,  by  observations  elsewhere,  to  belong  to 
the  Lower  Devonian  series.^ 

The  dip  of  the  beds  is  here  a  very  steep  one  to  the  south  and  east, 
but  many  variations  will  be  found  in  the  districts  lying  to  the  west 
In  fact,  the  whole  range  is  much  contorted  and  the  strata  doubled 
up  in  sharp  folds,  as  has  been  shown  by  Koch,  Eayser,  and  others. 

Leaving  for  future  consideration  the  question  of  the  presence  of 
other  strata  than  the  'quartzite'  in  this  Palsaczoic  ridge,  and 
descending  to  the  lower  ground,  one  meets  with  a  marked  change 
in  the  character  of  the  rocks,  though  the  wooded  condition  of  the 
ground  and  the  accuraulation  of  detritus  and  Post-Tertiary  deposits 
have  to  a  great  extent  obliterated  the  abruptness  of  the  transition. 

*  The  su|j^gostion  of  Gosselet  (Ann.  Soc.  Geol.  Nord,  xvii,  p.  300)  that  th« 
base  01  the  series  is  Archaean  does  not  ecem  to  be  accepted  by  English  or  Continenlil 
geologists. 
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In  the  qnarries  south  of  Bad  Nauheim  or  round  the  village  of 
Ockstadt  there  is  a  series  of  sands,  sandstones,  pebhle-beds,  and 
loosely  oemented  conglomerates,  which  are  horizontally  stratified 
and  evidently  of  far  later  date  than  the  rocks  of  the  hill.  They  are, 
in  faoty  Tertiary  beds  representing  the  infilling  of  a  great  lake  which 
once  occupied  the  whole  of  the  western  district 

If  one  crosses  the  broad  zone  of  fertile  fields  covering  these  later 
strata,  the  hill  at  Friedberg  shows  another  abrupt  change.  Here, 
though  the  outer  slopes  of  the  hill  are  green  and  gradual,  there  are 
rough  black  crags  under  the  castle  of  distinctly  basaltic  appearance. 
Bound  Schwalheim  and  Wisselsheim  there  are  less  prominent 
exposures,  but  it  is  easy  to  ascertain  that  these  eastern  elevations 
are  of  the  same  lithological  nature. 

III.   The  Book-Fokmations  pbesint. 

It  is  therefore  evident  that  the  three  scenic  features  above  referred 
to  have  a  definite  geological  meaning,  and   that  the  component 

Earts  of  the  whole  area  may  be  classed  under  three  corresponding 
eadings— 

A.  The  Palaeozoic  Bidge. 

B.  The  Tertiary  Strata. 

C.  The  Igneous  (basaltic)  Series.' 

Before  proceeding  to  a  study  of  the  position  of  the  salt  springs 
and  borings  it  will  be  well  to  notice  in  somewhat  greater  detail  the 
characteristics  of  these  different  formations. 

A.    The  Falaozic  Ridge, 

As  has  been  already  observed,  the  PalaBOzoic  rocks  are  of 
Devonian  age;  a  series  of  flaggy,  more  or  less  ferruginous,  altered 
sandstones,  grits,  and  *  quartz! te.'  They  are  evidently  of  sedi- 
mentary origin  and  belong  to  the  *Taiinus-quarzit*  group;  over- 
lying the  *  Sericit-schiefer,'  but  stratigraphically  below  the  other 
members  of  the  Devonian  system.  Fossils  are  apparently  absent, 
though  some  obscure  plant  remains  are  said  to  have  been  found  near 
the  Winterstein.  The  strike  is  N.E.-S.W.,  and  the  dip  varies  from 
28°  S.E.  to  72°  or  more  in  the  same  direction.  It  is  not  probable 
that  the  student  will  meet  with  any  other  form  of  Palax)zoic  rock  in 
the  neighbourhood,  but  if  he  Las  an  opportunity  of  consulting  the 
geological  map  he  will  find  certain  other  formations  recorded. 
Thus  the  *  Stringocephalen-kalk  *  is  mapped  as  occurring  near 
Hasselheck.  I  have  been  unable  to  find  it  there,  and  in  suggesting 
a  doubt  as  to  its  presence  I  am  glad  to  find  I  have  the  support  of 
Professor  Wittich.  The  *  Orthoceras-schiefer' are  similarly  marked 
as  cropping  out  by  the  Teich  and  north  of  Nieder  Morlen,  but 
I   have   not  been  able    to  identify  them  in  either    locality.      The 

*  Throughout  this  paper  the  Post-Miocene  deposits  are  loft  out  of  consideration. 
There  is  ooubtless  much  interesting  matter  awaiting  study  in  this  direction,  and 
Herr  Professor  E.  Wittich  (see  list  of  references  at  end)  has  studied  what  he  regards 
as  Pliocene  and  Glacial  beds  in  the  neighbourhood. 

DBCADE  JV. — VOL.    Til. — KO.    VIII.  *l^ 
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'  Spiriferen-sandstein '  is  recorded  from  the  borings,  but  has  not  beea 
mapped  as  appearing  at  the  surface  in  the  immediate  neighboarhood.* 
In  the  conclading  section  of  this  paper  the  relalionsnip  of  these 
formations  will  be  again  referred  to,  and  a  possible  explanation  of 
their  position  in  the  borings  suggested.  Ev^en  if,  however,  theie 
have  been  errors  of  observation  in  the  field,  it  is  probable  that  the 
evidence  of  the  borings  may  be  trusted  in  showing  the  existence 
of  these  formations  below  the  surface.  Comparison  with  other 
districts  would  lead  one  to  expect  them  here,  as  uie  usual  succession 
for  North  Germany  is  as  follows : — 

(A)  Upper  DeTOBian  {  g^^tl^i^SS^^^  }  ^^*- 
>  (B)  Middle  Devonian  {  gS^ffiett"o:S^;>ceras.achief^^^ 

a  (C)  Lower  Devonian  (  Hunl^^^X^'"  1  = '  Spiriferen-sandstein.' 
(C)  Lower  DoTonian     Taunns-Quarzit. 

\  Taunas-pnyllite  &:  *  Seridt-schiefer.' 

B.    The  Tertiary  Strata. 

The  softer,  almost  horizontally  stratified,  beds  which  form  the 
fertile  fields  of  the  Wetterau  belong,  as  already  stated,  to  Oligooene 
times.  In  the  south-west  the  whole  series  of  strata  is  well  seen, 
but  at  Bad  Nauheim  itself  it  is  only  the  upper  part  that  is  repre- 
sented at  the  surface.  In  the  quarries  south  of  the  town  and  round 
Ookstadt  this  portion,  however,  is  typically  developed  and  easily 
observed.  In  places  there  are  loosely  compacted  sands,  beautifully 
colour-banded,  and  reminding  one  of  those  at  Alum  Bay.  Other 
beds  consist  of  coarse  quartz-sand  with  some  ferruginous  cement, 
but  infiltrated  with  calcite,  the  shining  cleavage  faces  of  which 
often  extend  over  considerable  areas.  Selenite  and  chalybite  are  also 
commonly  present.  In  the  coarser  beds  the  pebbles  of  older  rooks 
are  frequently  coated  with  concentric  pellicles  of  yellow,  brown,  or 
brilliantly  red  iron  oxides,  and  a  remarkable  ferruginous  con- 
glomerate results. 

In  spite  of  their  varied  character  these  strata  appear  to  belong 
all  to  the  *  Blattersandstein.*  Though  unfossiliferous  here,  they 
contain  at  Miinzeuberg  such  mollusca  as  Liiorinella,  Cyrena,  Uniot 
Cyclas,  and  Helix,  as  well  as  leaves  of  plants  such  as  Cassia,  Rosa, 
Acer,  Ficus,  Cinnamomum,  Sapindus,  Amygdalus,  and  Cratoagus. 

Below  the  Blattersandstein  comes  the  *  Litorinellen-kalk,*  a 
yellowish  limestone  with  fossils ;  again  partly  of  fresh  and  partly 
of  brackish  water  habit.     Succinea,  Pupa,  Helix,  and  Neritina  occur 

*  The  nearest  is  a  little  west  of  Ober  Mbrlen,  where  it  is  said  to  occur  with  a  dip 
of  40^-60°  S.E.  in  the  same  strike  line  as  the  Oppershofen-Krausberg  oatcrop, 
-where  characteristic  fossils  occur.  A  patch  of  schiefer,  believed  to  be  equivalent  to 
those  of  PfafPenwiesbach  containing  Orthoceras^  is  mapped  as  occurring  immediately 
south  of  the  sandstone. 

'  All  these  strata  are  unfossiliferous  at  Bad  Nauheim,  but  in  the  Koblenz  district 
contain  characteristic  types,  such  as  ItcnsscUria,  Meganterit,  PentameruM,  and 
Ctenocrimu.  In  other  parts  there  occur  Stromatopora,  Calamopora,  Fenfttella,  and 
Chonttei  saremuiata. 
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ogether  with  Oyrena  and  Mytilus.  A  specially  interesting  feature 
8  the  occurrenoe  at  Bonstadt  of  porous  limestones,  evidently  formed 
>y  inomstation  of  Algaa  such  as  Vawheria  and  Ohara,  with  shells 
rearing  a  fibrous  overgrowth,  apparently  due  to  incrustation  of 
Jhietophora, 

Under  this  lies  the  <  Oerithienkalk/  with  Nerita,  Mytilus^  and 
Utorina  in  association  with  familiar  friends  of  the  Hampshire 
)asin,  such  as  Cerithium  pUcatum,  Lam.,  and  Cytherea  inerassata^ 
k>w. ;  passing  gradually  below  into  the  'Cerithiensand  and  Sand- 
tein.'  In  this  case  also  there  are  beds  with  typical  land  or  fresh- 
rater  shells — Helix,  Bulimus,  Pupa,  and  Planorbis — but  these  oooor 
n  narrow  and  unimportant  bands,  while  the  associated  strata  contain 
lot  only  the  brackish -water  genera  but  also  such  marine  forms  as 
?erna,  Fusus,  and  Bulla. 

At  the  base  of  the  series  lies  the  '  Cyrenenmergel/  a  blue  or 
rellow,  clayey  or  sandy  deposit,  in  which  the  proportion  of  marine 
hells  is  still  greater,  and  includes,  in  addition  to  those  above 
nentioned,  Nucula,  Buednum,  and  Murex, 

C.    The  Igneous  Series, 

The  hills  formed  by  the  third  group  of  rocks  in  the  Nauheim 
leighbourhood  have  been  spoken  of  as  interrupting  the  continuity  of 
he  Tertiary  plain,  but  they  do  not  rise  with  the  striking  abruptness 
»f,  for  instance,  the  phonolitic  Hohentwiel  and  neighbouring  basaltic 
kills  in  Southern  Baden.  They  are  low,  rounded  elevations,  except 
.t  the  north  end  of  the  Friedberg  outcrop,  evidently  parts  of  lava 
lows  rather  than  denuded  volcanic  necks. 

The  rock  itself  appears  to  be  a  typical  dark  basalt;  often  compact 
,nd  without  crystals  distinguishable  by  the  eye,  but  at  times  with 
listinct  clear  green  olivines.  It  is  rarely  slightly  vesicular,*  but 
hows  a  slight  tendency  to  columnar  jointing  in  places.  Weathering 
esults  in  the  usual  pale-brown  crust,  and  often  a  rough  spheroidal 
tmcture  is  revealed  in  the  process. 

Surface  accumulations  seem  everywhere  to  mask  its  actual  contact 
7ith  the  Tertiary  beds,  but  I  have  been  unable  to  observe  any 
phenomena  of  metamorphism  in  the  latter.  This  at  first  sight  gives 
•ne  the  impression  that  the  basalts  are  older  than  the  Oligocene 
trata,  but  there  is  evidence  elsewhere  to  show  that  such  is  not  the 
ase.  At  Wickstadt,  for  example,  the  Litorinellen-kalk  is  overlaid 
»y  basalt 

IV.    The  Springs,  Borings,  and  '  Salines.' 

Having  thus  obtained  some  insight  into  the  nature  of  the  strata 
f  the  district,  one  is  led  to  consider  what  is  the  relationship  between 
be  character  of  these  rocks  and  the  presence  of  the  thermal  and 
aline  springs  to  which  the  locality  owes  its  fame.  With  this  in 
'iew  it  will  be  necessary  to  note  in  some  detail  the  position  and 

*  There  is  a  brownish-grey  scoriaceous  rock,  which  is  tised  in  Nauheim  for  kerb- 
tones,  etc.,  but  which  I  could  not  find  m  sit&.    Closer  observation  showed  the 
resence  in  it  of  clear  blue  Hauyn  crystals,  and  it  probably  com^  Ic^Ki.  \Jqa  "^<3^- 
nown  quarries  of  "Siedermendig. 
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depths  of  the  T&riouB  borings  and  some  of  Ihetr  cliaraoterutio 
phenomena.  As,  however,  a  good  deal  of  Blatiatiual  infonnatioii 
18  obtainable  from  the  gaidebDOks  pnbliahed  on  the  spot,  an  attempt 
IB  here  made  to  direct  attontion  only  to  such  facts  as  bear  on  tliB 
geologioal  quoBtions  involved. 


Fio.  3,— Grouad-pli 


The  various  borings  which  have  been  made  during  the  present 
century  in  order  to  obtain  a  larger  supply  tiian  that  yielded  by  th« 
small  natural  springs,  have  been  numbered  from  1  to  12. 

That  known  as  No.  1  (ignoring  an  attempt  made  in  1816}  wts 
mado  in  1823;  it  was  carried  down  18  metres,  and  gave  a  spring 
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yielding  284,500  litres  a  day,  with  2^  per  cent  of  salt  and  a ' 
temperature  of  25^  H.    The  second,  made  in  1824,  was  153  metres 
in  depth ;  it  gave  water  of  similar  composition  at  21^  H.     Nos.  3 
and  4  were  stopped  at  31  and  22  metres  respectively. 

These  four^  were  hored  near  together  in  a  N.E.-S.W.  line  on 
the  south-east  side  of  the  circular  '  platz '  which  now  occupies  the 
centre  of  the  park.  No.  5  seems  to  have  been  a  little  north- 
west of  these,  and  was  undertaken  in  1838.  At  32  metres  it  gave 
a  supply  of  397  cubic  metres  per  day,  with  3*55  per  cent,  of  solid 
matter  and  with  a  temperature  of  26^  B.  The  '  Alte  Eurbrunnen,' 
known  as  No.  6,  was  situated  about  100  yards  further  east,  and  at 
19  metres  produced  a  similar  spring  with  temperature  18^  H. 

The  great  boring  made  in  1839,  No.  7,  going  down  to  a  depth 
of  159  metres,  shares  with  the  last  of  all  (12)  the  responsibility  of 
supplying  the  great  system  of  baths.  It  had  been  carried  down  to 
a  depth  of  159  metres  when,  as  there  was  no  result,  the  works 
were  abandoned.  In  December,  1846,  after  violent  thunderstorms 
and  heavy  rains  lasting  for  some  days,  there  was  a  sudden  rush  of 
water  up  the  deserted  shaft,  and  the  supply  has  never  stopped  since. 
The  water  contains  a  large  quantity  of  carbon  dioxide,  and  solids 
to  the  extent  of  3*5  per  cent.,  with  a  temperature  of  26-29  R. 

Numbers  8  and  9  were  experimental  borings  made  a  short  distance 
to  the  northward  (between  the  *  Waitz '  tower  and  the  Teich) ;  but 
the  temperature  of  the  water  was  much  lower  and  the  general  result 
unsatisfactory. 

The  tenth  attempt,  made  a  mile  south  by  the  third  *  gradirwerk,' 
could  only  be  carried  to  65  metres,  when  it  gave  an  effervescent 
water  with  much  bicarbonate  of  soda.  It  is  much  used  as  a 
medicinal  drinking  water,  and  is  known  as  the  Ludwig*s  Quelle 
(Ludwigsbrunnen). 

The  eleventh  was  a  small  boring  29  metres  deep,  which  sub- 
sequently ceased  to  give  any  supply. 

Lastly,  the  twelfth,  now  the  Friedrich-Wilhelra's  Quelle,  was 
bored  in  1855  to  a  depth  of  180  metres,  with  an  18  cm.  diameter. 
The  water  did  not  rise  spontaneously  at  first,  and  two  hand-pumps 
were  employed.  In  about  half  an  hour  a  column  of  water  charged 
with  carbon  dioxide  rose  suddenly  in  the  boring,  blowing  up  the 
pumping  apparatus  and  rising  16  metres  above  the  ground.  It  was 
found  to  give  1,214  cubic  metres  in  the  24  hours,  with  a  temperature 
of  30°  R.  and  4*3  per  cent,  of  dissolved  solids.  The  boring  is  situated 
only  4  metres  east  of  No.  7,  and  the  two  together  supply  practically 
the  whole  bath  system.  The  ordinary  thermal  brine  baths  are  derived 
mainly  from  12,  but  there  are  underground  pipes  from  both  sources 
to  supply  the  effervescent  baths,  or  *  sprudel-biider,*  in  the  bath- 
houses 1  and  5. 

*  In  the  plan  (Fig.  3)  I  have  unfortunately  numbered  these  four  from  west  to  east, 
instead  of  in  the  reverse  order,  as  correctly  shown  in  the  sections  (Fi^s.  4  and  6),  but 
their  close  proximity  and  the  fact  that  2  is  the  only  deep  one  renders  the  error  of 
no  importance. 


868       A.  Vaughan  Jennings — Geology  of  Bad  Naukeim. 

Saoh  18  a  brief  summary  of  the  history  and  nature  of  the  Nauheim 
borings.  From  the  geologist's  point  of  view  the  features  of  interoit 
fall  into  two  series :  first,  the  strata  traversed  by  the  borings ;  and 
second,  the  temperature  and  contents  of  the  waters  themselves. 

The  former  question  may  be  more  conveniently  dealt  with  in  the 
concluding  section  of  this  paper,  but  it  may  be  noted,  in  passing, 
that  those  borings  which  are  likely  to  give  most  help  in  explaining 
the  subterranean  structure  are  Nos.  1-7,  11,  and  12.  An  almost 
straight  line  can  be  drawn  through  these,  approximately  at  right 
angles  to  the  general  strike  of  the  rocks. 

The  results  of  chemical  analysis  of  the  contents  of  the  different 
springs  are  given  in  many  of  the  books  of  local  and  raedictl 
information  published  on  ihe  spot,  and  there  is  no  necessity  to 
investigate  the  numerous  variations  here.  With  a  view  to  geological 
considerations,  however,  it  may  be  well  to  reproduce  the  details  of 
one  typical  analysis,  that  of  the  Friedrich-Wilhelm's  Quelle  (Ko.  12). 

Amount  per  1,000  Graxkes  of  Wateb.^ 

Sodium  chloride 29*29 

Lithium  chloride •06 

Potassium  chloride          I'll 

Ammonium  chloride        "07 

Calcium  chloride 2*82 

Magnesium  chloride        *52 

Calcium  sulphate *03 

Strontium  sulphate         *04 

Calcium  carbonate          2*60 

Iron  carbonate     '04 

ouica        •••        •••        ...        ...        ...        ...  *u« 

At  the  risk  of  seeming  to  break  the  promise  given  above  to  keep 
entirely  to  such  matters  of  detailed  description  as  bear  on  the 
geology  of  the  district,  I  am  tempted  to  insert  here  a  note  on  the 
process  by  which  the  concentrated  brine,  and  subsequently  the  dry 
salts,  are  obtained.  It  is  distinctly  difficult  at  first  for  the  enquiring 
visitor  to  understand  the  meaning  of  the  curious  structures  round 
the  town ;  and  the  process  is  not  only  interesting  from  the  com- 
mercial, chemical,  and  mechanical  points  of  view,  but  in  some  of 
its  features  is  very  suggestive  to  the  biologist  and  geologist  as  well. 

About  the  middle  of  the  century  the  old  method  of  simple 
evaporation  in  troughs  was  discarded  and  a  more  elaborate  system 
adopted.  A  short  distance  south  of  the  town  a  number  of  long  tanks 
across  the  plain  of  the  Usa  were  constructed,  and  above  each  an 
immense  erection  of  heavy  timber  frameworks.  The  interspaces  of 
these  massive  structures  are  entirely  filled  in  with  what  may  in 
general  be  termed  '  brushwood,*  but  which  consists  almost  entirely 
of  close-packed  bushes  of  blackthorn.  Along  the  top  of  each  of 
these  *gradirwerke,'  as  they  are  termed,  runs  a  trough  containing 
the  water  from  the  springs  with  nearly  all  its  lime,  iron,  and  salts; 
and   this  is   allowed   to   percolate   down    through   tho   brushwood 

*  These  are  the  chief  constituents  of  the  dissolved  solids.  There  are  traces  of 
Tariout  other  substances,  but  those  given  here  are  such  as  can  be  recorded  in  the 
second  decimal  place. 
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masaeB  below.  As  the  water  trickles  over  the  twigs  the  lime  and 
remaiDing  iron  oxides  are  deposited  as  a  stalagmitio  crust  upon  the 
wood ;  bat  the  more  soluble  salts  remain,  and  the  water  which  drips 
into  the  underlying  tank  is  a  more  or  less  concentrated  brine. 

Such  is  the  principle  of  the  process,  but  it  takes  one  a  little  time 
on  the  spot  to  discover  how  the  mechanical  difficulties  are  overcome. 
The  method  seems  to  be  this.  The  saline  waters  from  the  two  great 
'sprudels'  are  directed  into  an  open  trench,  which  empties  them 
into  a  large  round  tank  situated  in  the  fields  south  of  the  town. 
To  raise  this  water  to  the  top  of  the  '  gradirwerke '  would  appear 
a  difficult  task ;  and  yet,  in  spite  of  the  flat  country,  the  very  small 
quantity  of  water  in  the  Usa,  and  the  almost  imperceptible  current, 
it  is  performed  by  means  of  two  water-wheels.  The  three  western 
'  works '  are  supplied  by  a  large  double  pump  by  the  Ludwig's 
Quelle.  There  is  not  sufficient  force  of  water  to  turn  the  wheel 
directly,  but  having  been  once  started  it  is  able  to  pump  up  sufficient 
water  to  resupply  itself  as  well  cw  to  pass  on  the  remainder  up  two 
great  pipes  to  the  top  of  the  framework.  The  eastern  '  works '  are 
similarly  supplied,  but  in  this  case  the  wheel  is  as  far  away  as 
the  village  of  Schwalheim  beyond  the  railway  on  the  east.  The 
'  connecting  -  rod,'  if  such  it  can  be  called,  between  the  wheel 
and  the  nearest  of  the  Gradirwerke  is  a  long  series  of  hollowed 
tree  trunks  placed  end  to  end.  These  are  supported  at  intervals  on 
the  axles  of  pairs  of  iron  wheels,  which  run  on  rails  laid  on  the 
top  of  low  stone  walls.  The  whole  row  moves  backward  and 
forward  some  eighteen  inches  with  the  turning  of  the  wheel. 
A  mechanical  system  distinctly  cumbrous,  but  as  there  is  no  haste 
necessary  in  the  process  it  is  probably  as  effective  as  any  other  and 
more  economical. 

The  first  of  the  solid  contents  of  the  spring  water  to  separate  are 
the  iron  oxides,  with  which  the  basin  of  the  Great  Sprudel  is  coated. 
In  the  trench  leading  off  the  waters  to  the  Gradirwerke  there  is 
a  similar  deposit  of  a  powdery  red  oxide  on  twigs,  leaves,  etc.,  that 
have  fallen  in.  With  the  exception  of  a  few  diatoms  and  filaments 
of  cyanophyceous  algsd  there  seems  little  life  here.  I  had  expected 
to  find  Leptothrix  ochracea,  but  was  unsuccessful.  Further  on, 
when  the  lime  begins  to  precipitate,  a  red  porous  *  travertine '  is 
produced.  Almost  all  the  remaining  iron  seems  removed  after 
passing  the  tank,  as  the  stalagmite  on  the  brushwood  is  very 
rarely  tinged  with  red. 

At  the  present  time  there  is  little  evident  incrustation  of  the 
brushwood,  owing  to  its  having  been  comparatively  recently 
renewed,^  but  the  lately  removed  material  often  shows  a  crust 
nearly  two  inches  in  thickness,  and  blocks  of  it  are  used  all  over 
the  neighbourhood  as  ornamental  rock  work  for  gardens. 

In  the  western  salines  the  brine,  freed  from  lime  and  iron, 
undergoes  some  evaporation,  and  at  times  very  delicate,  hollow, 
salt  stalactites  are  formed,  as  well  as  imperfect  or  hollow  salt 
crystals    like    the   *  hopper-shaped  *    crystals,  seen   by  evaporation 

i  I  understand  that  the  period  of  renewal  is  about  ever}  \Aii^^«s%. 
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of  salt  solution  nntler  the  microsoope.  The  brine  in  the  tank  it 
this  point  is  clear,  and  contains  but  little  life.  A  few  floatiiig 
patiihee  of  a  green  alga  {Bhizoelordumf)  are,  however,  genenJlj 
present 

In  the  last  or  most  westerly  tank  the  appearanoe  is  very  different 
The  water  has  a  stf^aat  and  turbid  aspeot,  and  is  often  covered  wiHi 
bacterial  scam.  Dense  masses  of  Vaucheria  form  ronnded  onsbion- 
like  growths  at  the  bottom,  and  the  filaments  become  oompletelj 
inorusted  except  at  the  growing  tips.  If  these  bad  been  formed 
under  natural  conditions,  and  subsequent  infiltration  b;  lime  had 
ocoarred,  a  formation  wonld  be  priiduoed  which  can  be  paralleled 
by  the  oblique  limestones  already'  referred  to  as  found  at  Bonatadt 
ID  the  Northern  Wetterau, 

The  algal  masses  are  crowded  in  the  spring  b;  larval  oaaes  of 
a  dipterous  inseot,  some  half  an  inch  long,  and  later  in  the  year  the 
inriaoe  of  the  water  swarms  with  small  black  flies.      As  the  c 


become  similarly  inorusted  they  would  contribute  to  rock  formation 
and  produce  a  rich  'indueial'  limestone  deposit  As  the  water  here 
contains  a  high  percentage  of  salts  the  luxuriant  growth  of  these  two 
organisms  is  remarkable ;  and  doubtless  microscopic  study,  which 
I  was  unable  to  undertake,  will  reveal  other  forms  of  interest. 

V.  Geolooioal  Pboblkms  involved. 

Leaving  here  this  brief  description    of  the  distribution  of  the 

various  formations  and  of  the  general  character  of  the  springs 


ID  of  the  data  fum  si  ed  by  the  boring  ns  giTsn  by 
jf  G  ol   Mnp  of  11  330   Da  in   adt,  1856). 
B.  BliittereiiDds  en  LI      nnelleu  kstk 

T.  Thudub  quarr  I  S  S(     feren  landfltiin. 

0.  Orthoccma  s  hiete  S  k   St   n^ocppha   n-kdk. 

and  borings,  we  may  turn  n  co  cl  is  on  to  sou  e  consideration  of 
the  geological  problems  involved  Tie  chef  of  these  may  bo 
enumentad  as  follows ; — (o)  the  uiwletgtottnd  structure  as  indicated 
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by  the  data  given  by  the  borings ;  (ft)  ths  extent  and  oharaotar 
of  the  ancient  laVe ;  (c)  the  reasona  for  the  oliemioal  and  pliyaiool 
oharacterietioa  of  the  apringa ;  and  {d)  tlie  oomieotion  hetween  the 
eraptiva  rooks  and  the  general  phenomena  of  the  district. 

In  discaBBing  these  points  it  ia  scaroely  possible  in  any  ease  to 
make  dogmatic  statements,  and  the  following  remarks  must  be 
regarded  only  as  a  statement  of  the  oase  for  in vea ligation. 

(a)  When  one  examines  the  published  details  of  the  different 
borings  one  cannot  fail  to  be  struck  by  the  wide  dlfferenoea  which 
exist,  in  bo  small  an  area,  between  the  depths  at  whioh  the 
Polieozoio  rocks  were  encountered. 


Fio.  5.— Geolo^ca]  ffTplanntitm  of  the  data  furnialieJ  b,- ths  l>orin!:J  lisresuggHsted. 
B.  Bldtter!inaiL)teia.  L.  Liturinel'lcn-kalk. 

T.  Taunu3-(|uariit.  S.  S])irifereE-sniiilsl..'in. 

().  Orthoceras-acliieter.  S.k.  Stringoteplmltn-tulk. 

Although  the  Deyonian  rocks  of  the  Johannieberg  are  dipping 
south-east  at  a  high  angle  where  they  disappoar  below  the  Tertiary 
beds,  and  are  met  with  at  120  m.  in  bonog  4,  yet  they  are  not 
touched  at  all  in  borings  a  and  II.  The  deep  boring  2,  on  the 
other  hand,  while  it  meets  Palieozoic  rock  at  130  m.,  does  not 
touch  the  Taunua-quarzit,  but  traverses  aorae  HJ3  m.  of  '  Orthoceras- 
flchiefer'  and  terminates  in  '  Spiriferen-sandstein.'  Borings  7  and 
12,  on  the  other  hand,  strike  the  'Stringocephalen-kalk'  immediately 
below  the  Tertiariea,  and  terminate  in  that  formation. 

These  facts  appear  to  show  that  in  the  first  place  the  old  land- 
earface  on  which  the  Tertiary  beds  were  deposited  has  a  distinctly 
irregular  contour,  and  secondly,  that  by  some  agency,  either  folding 
or  faulting,  the  members  of  the  Middle  DeTonian  series  are  present 
under  Nauheim  at  no  great  depth,  but  with  very  limited  horizontal 
extension. 

The  explanatory  section  published  in  connection  with  the  old 
geological  map,  a  copy  of  part  of  which  is  gWen  oti  "j,  i5\,\s»J» 
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fairly  satisfaotory  at  first  sight,  bat  on  study  is  found  to  contain 
serious  difficulties.  The  '  Stringooephalen-kalk  '  on  the  right  otn 
hardly  be  accounted  for  without  any  corresponding  mass  on  the 
left ;  and  the  theory  requires  that  the  dip  of  the  '  Taunus-qnarzit ' 
on  the  east  slope  of  the  Johannisberg  should  be  represented  in  exactly 
the  reverse  direction  to  what  is  actually  the  case.  More  serious  still 
is  the  difficulty  that  it  places  the  '  Taunus-quarzit '  above  the  other 
members  of  the  Devonian,  whereas  it  really  underlies  all  bat  the 
'  Sericit-schiefer.' 

Under  these  circumstances  I  thought  one  might  try  to  make 
a  hypothetical  section  which  would  better  fit  in  with  the  known 
data ;  and  it  seems  to  me  that  some  such  structure  as  is  shown  in 
Fig.  5  would  meet  the  requirements  of  the  case.  It  is  not  necessarily 
true,  as  there  may  be  considerable  faulting,  but  until  there  is  evidenoe 
of  the  presence  of  faults  it  is  as  well  to  try  to  explain  matters 
without  their  help. 

An  infolding  such  as  this  is  just  what  might  be  expected  from 
the  structure  of  the  Taunus  range  as  a  whole.  The  peonliarities 
of  the  boring  records  are  easily  accounted  for  on  this  supposition, 
and  several  other  isolated  facts  fall  readily  into  plaoe.  Thus,  if  it  is 
true  that  boring  10  in  the  plain  on  the  east  passed  through  '  Sericit- 
schiefer'  and  then  touched  the  'Taunus-quarzit,'  such  is  what 
might  have  been  expected,  as  is  shown  in  Fig.  5.  Similarly,  the 
reported  outcrop  of  <  Orthoceras-schiefer '  near  the  Teich-haus  is 
by  no  means  impossible ;  while  the  patches  of  the  same  rock  and 
of  '  Spiriferen-sandstein '  mapped  to  the  west  of  Ober  M5rlen  can 
also  be  accounted  for  as  an  infold  similar  to  that  below  Nauheim. 

(6)  Passing  on  from  the  question  of  these  contorted  Devonians  to 
the  simply  and  conformably  stratified  Tertiary  beds  of  the  Wetterau 
plains,  one  expects  a  simplification  of  the  task  of  explanation. 
Such  there  is  to  a  certain  extent ;  but,  on  the  other  hand,  there  are 
new  questions  of  a  totally  clifTerent  character  which  crop  up  in  the 
endeavour  to  follow  out  tlie  history  of  the  country. 

While  tiiere  can  be  no  doubt  that  the  area  over  which  these 
deposits  extend  was  in  Middle  Tertiary  times  an  enclosed  lake,  yet 
the  stages  whicli  preceded  the  isolation  of  this  extent  of  water  are 
not  so  easily  recognizaMe. 

The  fact  tliat  nioilusca  characteristic  of  brackish  water — such  as 
Cyrenaj  Ceviihium,  and  JAiorinella — are  found  in  beds  as  high  as  the 
Bliittersandstein,  is  somewhat  remarkable  in  itself.  When  we  find, 
moreover,  that  in  tlio  deeper  lasers  there  is  a  much  larger  percentage 
of  such  types,  and  finally  in  the  lowest  strata  we  have  to  deal  with 
typically  marine  genera,  it  is  evident  that  the  succession  of  beds 
records  a  series  of  great  phy8i()grai)hic  changes.  It  seems  almost 
certain  that  in  Oligoceno  times  these  districts  were  covered  by 
sea- waters  from  the  south  ;  and  the  contours  of  Central  and  Northern 
Europe  suggest  a  similar  communication  with  the  ocean  on  the  north. 

It  seems  prohable  that  the  district  was  a  dry  land  area,  while  the 
Cretaceous  rocks  of  other  parts  of  Germany  were  being  deposited  ; 
that  an  Eocene  or  post-Eocene  subsidence  let  in  the  sea- water  from 
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a  loDg  northward  extension  of  the  Mediterranean  reaching  from  the 
Marseilles  neighhourhood  np  the  Rbdne  and  Kliioe  valleys,  perhaps 
estahlishing  oommanication  with  the  North  Sea ;  and  that  the  earth - 
movements  which  subsequently  completed  the  upheaval  of  the 
Alpine  chain  separated  the  northern  gulf  from  the  sea  to  which  it 
had  formerly  belonged. 

The  process  of  severance  was  doubtless  gradual,  and  allowed  of 
a  transition  period  in  which  the  marine  Murex  and  JPerna  were  slowly 
displaced  by  the  brackish -water  Cerilhium  and  Cyrena,  In  the 
upper  strata  there  are  narrow  bands  in  which  the  fossils  indicate 
the  prevalence  of  purely  fresh-water  conditions,  but  the  brackish- 
water  types  continued  to  exist  apparently  through  Miocene  times. 

(c)  As  to  the  chemical  and  physical  questions  connected  with  the 
Nauheim  springs,  anything  like  a  complete  discussion  is  beyond  the 
scope  of  this  paper.  Those  who  wish  to  know  how  far  the  con- 
sideration of  the  amount  of  soluble  salts  in  springs,  rivers,  and  seaa 
may  lead  them  in  the  discussion  of  the  geological  age  of  our  planet, 
should  read  Professor  Joly's  interesting  paper  in  the  Transactions  of 
the  Royal  Dublin  Society  for  1899. 

So  far  as  the  local  questions  are  concerned  we  can  only  make 
a  note  or  two  on,  firstly,  the  chemical  contents,  and  secondly,  the 
physical  conditions. 

In  the  first  case  it  is  evident  that  we  are  not  dealing  with 
'special'  types  of  springs — saline,  chalybeate,  or  calcareous — but 
with  a  combination  of  all.  It  would  be  interesting  to  know  the 
sources  of  the  different  contents,  but  it  is  difficult  to  make  anything 
but  the  vaguest  suggestions. 

As  to  the  iron,  it  is  evident  that  a  certain  amount  may  come  from 
denudation  of  the  Devonian  rocks  on  the  west,  and  more  from  the 
breaking  up  of  the  basalts.  The  extraordinary  amount  of  iron 
oxides  in  some  beds  of  the  *  Bliittersandstein  *  suggests  that  they  may 
have  contributed  large  quantities  to  the  underground  supply  from 
which  the  springs  now  rise,  but  they,  in  turn,  must  have  derived 
it  from  neighbouring  Palaeozoic  or  igneous  rocks  in  Tertiary  times. 

With  respect,  again,  to  the  calcareous  contents,  there  seems  a  much 
larger  proportion  than  the  geological  features  of  the  surrounding 
country  would  lead  one  to  expect.  The  liuiestone  strata  are  of 
small  extent,  and  anything  contributed  by  the  decomposition  of  the 
felspars  in  the  basalt  would  be  insignificant.  There  is,  on  tlie  other 
hand,  a  great  quantity  of  calcareous  matter  in  the  Tertiary  beds, 
derived  at  that  date,  most  likely,  from  a  greater  distance  and  from 
a  larger  extent  of  since  denuded  limestone  in  the  district.  Much  of 
this  has  been  and  is  still  being  gradually  carried  down  through 
fissures  to  the  subterranean  reservoirs  which  the  borings  have 
*  tapped.*  The  lime  was  doubtless  largely  separated  through  the 
agency  of  organisuis,  but  in  beds  of  this  character  the  shells  would 
almost  certainly  be  to  a  large  extent  redissolved. 

It  is  possible,  however,  that  we  have  not  here  sufficient  to  account 
for  the  surface  phenomena,  especially  when  we  also  take  into  con- 
sideration the  enormous  amount  of  carbon  dioxide  in  the  waters 
of  the  Sprudel.     Probably  there  are  deep-seaVeOl  e«\c»x^o>\%  ^\x^\."^> 
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l>eyond  the  reach  of  the  borings,  where  a  high  temperature  prevails 
and  intense  chemical  reaction  is  still  in  progress. 

The  soluble  saline  constituents  again  offer  us  much  the  same 
problem.  The  physiographic  changes  of  Tertiary  times  must  haT8 
been  slow,  gradual,  and  constantly  varying,  and  the  alternations  of 
marine,  brackish,  and  fresh- water  conditions  probably  resulted  in 
a  large  residue  of  salt  in  the  strata  then  being  deposited.  The 
minerals  present  in  such  formations  as  the  Blattersandstein  certainly 
suggest  this ;  but  whether  or  not  such  a  residue  is  still  present,  a  vast 
amount  has  probably  been  washed  down  into  the  subjacent  rooks. 

If  this  be  considered  insufficient  as  a  source  of  the  present  regular 
supply,  one  is  obliged  to  fall  back  again  on  the  supposition  that 
there  exist  below  the  deepest  borings  either  great  salt  beds  or 
a  stratum  of  immense  chemical  activity. 

Turning  from  the  question  of  chemical  contents  to  that  of  physical 
<}ondition8,  one  meets  again  with  questions  more  easily  asked  than 
answered.  The  most  obvious  are  the  cause  of  the  high  temperature 
of  the  waters,  and  the  reason  for  their  expulsion.  As  to  the  former 
one  might  suggest  u  very  great  depth  of  origin,  but  we  have  no 
evidence  that  these  springs  rise  from  a  stratum  deep-seated  enough 
to  account  alone  for  their  heat.  Mechanical  pressure,  added  to  such 
strong  chemical  activity  as  may  exist  at  a  relatively  high  level  in 
the  earth's  crust,  even  locally,  might  also  account  for  it  in  part 
In  addition  to  such  conditions,  however,  we  have  to  remember  the 
proximity  of  great  basaltic  masses  which  were  themselves  in  a  state 
of  fusion  at  a  period  not,  geologically  speaking,  so  very  remote. 
As  the  presence  of  thermal  springs  is  so  commonly  correlated  all 
the  world  over  with  the  existence  of  comparatively  recent  volcanic 
action,  it  is  probable  that  we  are  sufe  in  here  regarding  the  present 
temperature  of  the  brine-springs  as  residual  from  volcanic  times. 

With  respect  to  the  cause  of  the  expulsive  force  with  which  the 
waters  of  the  two  great  *  sprudels '  are  thrown  up,  it  seems  that 
the  German  geologists,  as  a  rule,  are  inclined  to  follow  their  great 
leader  Bunsen,  wlio  studied  the  district  early  in  the  century  and 
ascribed  the  effects  entirely  to  the  freeing  of  the  carbon  dioxide. 

That  the  sudden  liberation  of  gas,  with  the  diminishing  pressure 
as  the  water  rises  in  the  tube,  must  have  a  very  great  effect  in 
producing  the  violence  of  the  final  escape,  cannot  be  denied  ;  but  this 
does  not  necessarily  justify  a  neglect  of  hydraulic  pressure  altogether. 
The  great  drainage  area  of  the  Taunus,  its  large  rainfall,  and  the 
fissures  and  cavities  it  contains  all  seem  to  suggest  the  probability 
of  a  very  efficient  hydraulic  system  at  work  ;  and  the  history  of 
the  Great  Sprudel,  where  the  first  outburst  only  occurred  some  years 
after  the  construction  of  the  boring,  as  a  consequence  of  heavy  rains, 
would  appear  to  support  this  view. 

Also,  as   Professor  Cole   has   pointed  out   to  me,  why  neglect 

*  residual  pressure '  ?     Just  as  we  may  attribute  high  temperature 
to  the  survival,  in  extremis^  of  volcanic  conditions,  so  the  tectonic 

*  Alpine  *  movements  are  not  to  be  regarded  as  entirely  dead,  but  the 
remaining  strains  and  pressures  in  the  earth's  crust  may  still  be 
factors  in  the  ejection  o?  ihese  \ifta\.^^  yibX^t^, 
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)  With  regard,  lastly,  to  tbe  agency  of  the  basaltic  emi)tions, 
onsiderations  involved  have  been  already  referred  to,  and  my 
observations  have  been  too  limited  to  permit  of  a  definite 
)n.     A  superficial  stady  of  the  country  would  lead  one  to  tbe 
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usion    that  the  basaltic  masses  had  been  consolidated  before 
)ligocene  seas  or  lakes  deposited  sediments  round  their  bases, 
;hat  they  formed  islands  in  the  waters  of  Middle  Tertiary  times, 
lere   is,  however,   I   understand,   evidence  elft^\»ilifit^  isst  *Cafe 
Bne  age^  of  tbe  eruptiouB,  and  of  a  stiW  \».\^t  9i«\a  iot^%5\.^1 

*  See  note  on  p.  355. 
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those  of  the  Yogelsgebirge.  One  can  only  condade  that  the  patches 
in  the  immediate  neighbourhood  of  Bad  Nauheim  represent  lava- 
flows  at  a  considerable  distance  from  the  active  centres,  and  that 
they  forced  their  way  through  the  sedimentary  rock,  with  com* 
paratively  little  disturbance  or  metamorphism. 

The  fact  that  there  are  reappearances  of  basalt  between  Hombarg 
and  Ober  Erlenburg  and  on  towards  Wiesbaden,  suggests  the 
existence  of  a  very  wide  zone  which  may  have  a  far  greater 
subterranean  extent  than  the  minor  surface  exposures  lead  one 
to  expect. 

In  conclusion,  I  have  to  express  my  thanks  for  assistance  to 
Professor  Kinkelin,  of  Frankfurt;  Professor  Brauns,  of  Qiessen; 
Professor  Wittich,  of  Darmstadt;  and  Professor  Denckmann,  of 
Berlin ;  to  Herr  Bergrath  Otto  Weiss,  of  Nauheim ;  and  lastly, 
and  very  gratefully,  to  Herr  Sanitatsrath  Dr.  Ferdinand  Credner, 
who,  in  the  interests  of  geology,  treated  with  a  generous  leniency 
a  somewhat  disobedient  patient 

The  works  mentioned  below  cannot,  of  course,  be  r^arded  as 
a  complete  bibliography.  I  have  only  recorded  such  as  were 
brought  to  my  notice  during  a  brief  visit  as  a  starting-point  for 
the  next  student  who  has  the  good  or  bad  luck  to  find  himself  at 
Nauheim. 

"Geologisohe  Specialkarte  des  Grossherzogthume  Hessen."  Descrip- 
tions of  (a)  Giessen  section  by  Dieffenhaeh,  1866 ;  (6)  Friedberg 
(including  Nauheim)  section  by  Zudtoig,  1855. 

Bad  Nauheim  :  Guide  by  Ilerr  Bergrath  Otto  Weiss  &  Br.  Groedel 
1888.  (This  edition  is  mentioned  here  as  it  contains 
a  chapter  on  the  geology  of  the  district  more  complete  than 
that  of  the  ordinary  guides.) 

Kinkelin, —  (a)  "  Erlaiiterungen  zu  den  geologischen  Ubersichtskarten 
der  Gegend  zwischen  Taunus  und  Spessart " :  Sencken- 
bergiscber  Bericht,  Frankfurt,  1889.  (6)  "Die  Tertiar  u. 
Diluvialablag.  d.  unteren  Mainthales  "  :  Abh.  z.  geol. 
Specialkarte  von  Preussen,  Bd.  ix,  Heft  4,  1892.  (c) 
"  Geol.  Tektonik  d.  Umgebung  v.  Frankfurt "  :  Sencken- 
bergische  Naturforsch.  Gesellschaft,  1885. 

Wttlich, — "Bericht  iiber  die  geologische  Aufnahme  der  Umgegend 
von  Bad  Nauheim  "  :  Vereins  fiir  Erdkunde  und  der  Grossh. 
geol.  Landesanstalt  zu  Darmstadt,  Folge  iv.  Heft  19,  1898. 

Denckmann. — "  Silur  und  Unterdevon  im  Kellerwalde  "  :  Jahrb.  der 
konigl.  preiiss.  geol.  Landesanstalt,  1896. 

Wagner. — "  Cbronik  von  Bad  Nauheim,"  Nauheim,  1897. 

Zepsius. — "  Geologic  von  Deutschland,"  Bd.  i  (1892). 

Koch. — Jahrb.  Preuss.  Geol.  Landesanstalt,  Bd.  i  (1881),  Taf.  vi, 
Fig.  1. 

Bunsen.  —  Stud,     der     Gottingischen     Vereins     Bergmannischen 

Frounde,  Bd.  iv,  Heft  3  (**Uber   de  Nauheimer  Thermal- 
quellen  "). 
Bromeis.  —  Jahresbericht.     d.    VJe\.lftT«Wk\^^\i«\i   Gesellschaft   f.    d. 
Naturkund.  ("  GroBae8oo\ft\yi>i^^\^.'^«Qj«i€vKi''^« 
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IIL — ^TCBTIABT  FORAMINIFEHiLL   Ll3IESTONR3   FaOH    SiNAI. 

By  Frbdbrick  Chapmax,  A.L.S.,  F.R.M.S. 

(PLATES  XIII  AND  XIV.) 

{Conehtd^dfrom  the  July  Number ,  p.  316.) 

NuMMULiTES,  Lamarck  [1801]. 

PreUminary  remarks  on  the  genm. — The  interesting  observations 
the  dimorphisni  of  the  genus  NummuliteSf  which  have  been  made 
m  time  to  time  by  special  investigators,  such  as  Yon  Hantken, 
inier-Chalmas  &  Sohlumberger,  De  h\  Harpe,  Bupert  Jones,  and 
n  den  Broeok,  have  resulted  in  the  establishment  of  couples  of 
ealled  species,  constituting  a  species  in  the  zoological  sense,  in 
lioh  the  smaller  form,  with  a  large  central  chamber,  is  referred 
9M  form  A,  whilst  form  B  usually  has  a  larger  test  and  invariably 
sseases  a  diminutive  central  chamber.  The  two  forms  are  other- 
se  spoken  of  as  the  megalospherio  and  miorospheric  forms.  In 
ne  oases  there  may  be  little  doubt  as  to  the  accuracy  of  the 
lignment  of  the  two  forms  to  one  species,  especially  since  they 
ty  be  the  only  examples  present  in  the  rock.  In  the  case  of 
itratnm  containing  more  than  two  species,  however,  there  may 
no  small  difficulty  in  coupling  the  actual  forms  which  constitute 
ispecies,  for  there  is  often  little  in  either  the  internal  or  external 
iiaoters  to  guide  one  in  linking  the  forms.  In  our  present  state 
knowledge,  therefore,  it  appears  to  be  most  convenient  to  describe 
>  forms  under  their  specific  denominations  as  already  known,  at 
)  same  time  pointing  out  their  relationship  to  one  another.  Some 
}d  suggestions  as  to  the  naming  of  Nnminulites  and  other 
raminifera  which  exhibit  tho  two  modes  of  growth  and  shell 
m  have  lately  been  made  by  Dr.  A.  Silvestri.^ 
VVith  regard  to  the  older  methol  of  grouping  tho  Nummulites 
wording  to  their  superficial  appearance  and  texture,  this  can  be 
the  best  only  an  artificial  method  of  arrangement,  for  it  some- 
les  happens  that  two  different  forms  constituting  a  zoological 
jcies  may  be  found  to  belong  to  two  of  tho  separated  so-called 
)up8;  as,  for  instance,  N.  ctirvispiray  which  has  i)een  placed  in  the 
mulate  group,  and  N.  complanata  or  N,  complannta,  var.  Pachoi, 
the  group  of  smooth  ft)rms.  Moreover,  it  will  bo  seen  by 
erring  to  Rupert  Jones*  Catalogue  of  Fossil  Foraminifera  in  the 
itish  Museum,^  that  N.  cnrvispira  is  an  examplu  of  the  granulate 
mp  which  does  not  invariably  exhibit  the  characters  ascribed  to  it. 

NnmmnlitcB  ylanulata  (Lamarck).     (PL  XIII,  Fig.  2a.) 

4iculitet  plnnulata^  Lamarck,  1801:  Aunales  du  Musc'uin,  vol.  v,  p.  187. 
nmulitea  planuiafa  (d'Orb.),  d'Arcliiac  k  Ilainie,  18o3:    Descr.  Anim.  groupe 

numraulitique  Iiido,  vol.  i,  p.  142,  pi.  ix,  ligs.  6a,  Ga-c,  7a-/i,  8a-S, 

9a,  b,  lOa-e. 

3ne  recognizes  this  form  by  the  minute  or  almost  invisible  central 
tmber,  and  the  flatness  of  the  test.     In  section  it  exhibits  from 

Atti  doll'  Accad.  Pont.  Xuovi  Liiuvi,  Anno  liii  (1900),  pp.  1-10.     See  also 
I  den  Broeck :  Bull.  S..c.  B«l.iro  Geol.  Pal.  Ilydr.,  vol.  x  (1896),  1899. 
Op.  cit.,  pp.  46,  47,  specimeus  P  1014  and?  890. 
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four  to  six  whorls,  wbicb  increase  rapidly  in  breadth  (in  madiiii 
section),  especially  towards  the  last 

The  specimens  here  dealt  with  are  very  typical  when  compared 
with  d'Archiac's  figures.  Those  forms  of  the  same  group  or  type 
recorded  by  De  la  Harpe  from  Egypt  ^  differ  ohiefly  in  their  umbonate 
centre  and  comparatively  hharp  peripheral  edge. 

N.  planulata  appears  to  be  distributed  chiefly  through  the  Lower 
and  Middle  Eocene  beds  of  Europe,  but  it  is  oooasionally  found  with 
a  higher  range.  This  species  has  been  recorded  by  Dr.  Fraas  from 
Egypt. 

Coll.  Geol.  Surv.  Egypt.  No.  4,112,  Box  No.  2Z.  ?  Bartonian 
(Upper  Eocene)  or  ?  top  of  Mokattam  Series  (Middle  Eocene)  :  Jebel 
Abyad,  beach  deposit  (later).     Common. 

NummuUtes  Ouetiardi,  d'Archiac  &  Haime,  var.  antiquaf  De  la  Harpe. 

(PL  XIII,  Fig.  66.) 

NummuUtes  Guettardi,  d'Archiac,  var.  antiguay  De  la  Harpe,  1883:    Palaonto- 
graphica,  toI.  xxx.  Pal.  Theil,  p.  172,  pi.  xxx  (i),  figs.  37-42. 

The  central  chamber  in  our  specimens  from  Sinai  is  fairly  laige, 
agreeing  in  this  particular  with  the  typical  examples  of  the  species 
figured  by  d'Archiac'  De  la  Harpe,  however,  states  that  his  apeci* 
mens  have  a  small  central  chamber,  so  that  it  is  possible  that  we 
have  hei-e  the  two  forms  A  and  B  confused  by  the  above-named 
authors. 

The  variety  anttqua  differs  from  the  typical  N.  Ouettardi  in  having 
a  lenticular  and  more  compressed  shell,  llie  type  form  was  found 
by  De  la  Harpe  only  in  the  Upper  Eocene  beds  of  Egypt 

The  above  variety  was  found  by  De  la  Harpe  in  rocks  of  the 
Libyan  Series  (liower  Eocene)  of  Nekeb,  east  of  Farafrah,  and  of 
El-Gu8S-Abu-Said. 

Coll.  Geol.  Surv.  Ej?ypt,  No.  3,902,  Box  No.  15/.  Libyan  Series 
(Lower  Eocene)  :  Jebel  Krer,  Sinai  (same  range  as  Jebel  Abyad). 
Common. 

NummuUtes  Ramondi,  Defrance.     (PI.  XIII,  Figs.  36,  46.) 

N.  Ramondi,  Defrance,  182y  :  Diet.  Sci.  Nut.,  vol.  xxxv,  p.  224.  D*Archiac  k 
Haime,  1853 :  Dcscr.  Anira.  groupe  nummulitique  Inde,  vol.  i,  p.  128, 
pi.  vii,  figs.  IZa-dy  14^/,  15a,  16rt,  17rt,  b. 

This  is  a  small  species,  but  has  no  large  central  chamber.  The 
peripheral  edge  is  sharper  than  that  of  N,  Guettardi^  and  the  test  is 
much  thinner. 

N,  Ramondi  is  one  of  the  most  widely  distributed  of  the  nummu- 
lites;  amongst  many  localities  it  has  been  found  in  France,  the 
Alps,  the  Pyrenees,  Egypt,  the  Crimea,  and  India.  From  Egypt 
De  la  Harpe  obtained  it  in  the  Lower  Libyan  Series  of  Jebel  Ter. 

Coll.  Geol.  Surv.  Egypt,  Nos.  4,113  and  4,135,  Box  Nos.  4Z  and  3| 
respectively.      Libyan  Series  (Lower  Eocene)  :  junction  of  Wadi 

•  PaKncontoirraphica,  vol.  xxx  (188;P,  Pal.  Thcil,  pp.  161-4,  pi.  xxx,  figs.  1-18: 
y.  Fraasi,  X.  KtUimeyeri,  und  N.  Chaiannesi. 

^  Descr.  Anim.  groupe  uummulitique  Inde,  vol.  i  (1853),  p.  130,  pi.  vii, 
fi^.  18fl-f,  19a,  b. 
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aba  and  Wadi  Sbellal,  Sinai.    Common.    ?  No.  3,598,  Box  No.  13/. 
[okattam  Serias  (Middle  Eooene) :  Wadi  Ehadahid.    Bare. 

JViuiiifiitt/t<e«  Heherti,  d'Arobiao  &  Haime. 

mkmuliUt  Mebirti,  d'Archiao  k  Haima,  1863 :  Descr.  groope  nommttlitiqiif  Inda, 
Tol.  i,  p.  147,  pL  ix,  figs.  140-^»  16a.  De  la  Harpe,  1883  :  PalsBonto- 
grapluca,  vol.  xxx,  Pal.  Theil,  p.  178,  pi.  xxxi  (ii),  figs.  26,  27. 

This  is  a  very  minute  namroulite,  baving  an  umbonate  oentre  and 
abarp  peripberal  edge.  Tbe  oentral  obamber  is  almost  invisible. 
he  specimens  from  Sinai  measure  about  2  mm.  in  diameter  and 
!5  mm.  in  tbiokness.  N.  Heberti  was  found  by  Sob  wager  in  both 
le  Libyan  and  Bartonian  Series  of  Egypt 

Coll.  Geol.  Sorv.  Egypt,  No.  4,112,  Box  No.  2L  ?  Bartonian 
Jpper  Eocene)  or  ?  top  of  Mokattam  Series  (Middle  Eooene)  : 
3bel  Abyad,  Sinai,  beacb  deposit  (later).  Frequent.  Also  No.  3,90^2, 
ox  No.  15/.  Libyan  Series  (Lower  Eooene; :  Jebel  Erer  (same 
iDgs  as  Jebel  Abyad),  Sinai.    Bare. 

Nummulitei  variolaria  (Lamarck).     (PI.  XIII,  Fig.  26.) 

mticuliUi  viriolaria,  Lamarck,  1804 :  Ann.  du  Museum,  toI.  t,  p.  187,  No.  2. 
munulai-ia  variolaria  (Lam.),  Sowerby,  1829  :  Mineral  Conchology,  toI.  yI,  p.  76, 

pi.  DxxxTiii,  fig.  3. 
mmmuliUs  variolaria  (Sow.),  d*Arcbiao  &  Haime,  1853 :    Detor.  Anim.  grottpa 

nammulitioue  Inde,  toI.  i,  p.  146,  pi.  ix,  figs.  13a-^. 
.  variolaria  (Lam.),  be  la  Harpe,  1883 :  Paleontographica,  toI.  zxz,  Pal.  Theil, 

p.  179,  pi.  xxxi  (ii),  figs.  28-36. 

Tbis  is  one  of  tbe  most  widely  distribated  nummulites.     It  ooours 

Hampshire,  near  Brussels,   Biarritz,  in  Hungary,  Asia  Minor, 

urdistan,  etc.    It  is  usually  characteristic  of  the  Middle  and  Upper 

ocene.      In  Egypt  it  has  been  found  in  the  Lower  and  Upper 

ocene  (De  la  Harpe). 

It  is  fuirly  common  in  the  specimen  from  Sinai,  No.  4,112,  and  is 
^ociated  with  N.  plantdata.  The  characters  by  which  one  reoog- 
zes  it  in  section  are  the  lenticular  outline  and  sharp  peripheral 
Iges.  In  the  tangential  aspect  the  sections  exhibit  the  regularly 
riated  shell  surface.  The  central  chamber  is  moderately  large. 
Coll.  Geol.  Surv.  Egypt,  No.  4,112,  Box  No.  2/.  ?  Bartonian 
sries  (Upper  Eocene)  or  ?  top  of  Mokattam  Series  (Middle  Eocene) : 
)ach  deposit,  Jebel  Abyad,  Sinai.     Frequent 

Nummulites  iuhdiscorbina,  De  la  Harpe.     (PI.  XIII,  Fig.  1.) 

ummuHtet  subdiacorhina^  De  la  Harpe,  1883 :   Pala)oiitographica,  vol.  xxx.  Pal. 
Theil,  p.  185,  pi.  xxxii  (iii),  figs.  8-15. 

Tbis  species  is  not  unlike  N,  Queiiardi,  var.  antiquay  but  dififers  in 

e   greater   proportionate   breadth   of   the   test;    it   also  exhibits 

rongly  developed   double  cones  of  tubuli  at  tbe  umbilical  axis. 

bis  species  is  relatively  larger  than  N,  Ouettardi,  var.  anttqua. 

De  la  Harpe  states  that  N.  subdtseorhina  usually  accompanies  the 

rger  species  N.  dtacorbina,  but  this  is  not  the  case  with  those  of  the 

naitio  limestones.    The  Egyptian  specimens  were  found  near  Cairo, 

Beni  Hassan  and  Minieh. 

Coll.  Geol.  Surv.  Egypt,  No.  4,111,  Box  No.  11.    Mokattam  Series 

iiddle  Eocene)  :   top  of  Jebel  Abyad,  south  of  Wadi  Gharandel, 

nai.     Abundant. 
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The  group  of  Nummulitei  Oiteheniis  (Forak&l),  Ehrenberg. 

From  a  zoological  Btandpoint  the  varioas  forms  of  Dnmmalitet  to 
closely  associated  in  certain  beds  of  the  Mokattam  Series  in  Egypt 
and  neighbouring  areas,  referred  to  under  the  name  of  N.  Ohsekmuk 
and  its  varieties,  are  clearly  local  modifications  of  the  more  widely 
distributed  Nummulitei  eomplanata,  Lamarck.  In  consideration  cl 
the  practical  use  of  distinctive  terms  for  local  varieties  in  relation  to 
their  stratigraphical  distribution,  it  is  here  proposed  to  retain  the 
grouping  of  this  series  so  minutely  and  carefully  worked  out  by 
Dr.  De  la  Harpe. 

Nummtditea  Oizehensts  (Forsk&l),  Ehrenberg,  var.  JShrenbergif 
De  la  Harpe.     (PL  XIV,  Fig.  15,) 

Ifautilut  Oyzehentitt  Fonk&l,  1775:   Descriptiones  Animalinm,  p.  140.     1776: 

Icones  remm  naturaliam,  «to. 
NummuUtet  O^zehemis,  Ehrenberg,  1838  :  Abhandl.  Akad.  Win.  Berlin,  p.  9S. 
J\r.  Gyzehentitt  £hr.,  d'Archiao  &  Haime,  1863 :  Descr.  Anim.  groope  mnnnwHtiipi 

Inde,  Tol.  i,  p.  94,  pi.  ii,  figs.  6a-/,  7a,  8. 
N,  Gizehensia  Ehrmbergi^  De  la  Harpe,  1883  :   PalflBontographica,  toI.  six,  Fd. 

Theil,  p.  190,  pi.  xxxii,  figs.  16-25 ;  pi.  xxxiii,  figs.  1,  2. 

This  is  the  well-known  form  with  the  thick  disc  and  rounded 
edge.  The  septa  between  ecush  chamber  are  unusually  thiok  and 
inclined. 

This  variety  has  been  chiefly  obtained  from  Egypt,  but  it  has  also 
been  recorded  from  Sinai,  Syria,  Anatolia,  and  Vicentin.  In  Sinai  it 
occurred  at  Wady  Qharandel  (Rupert  Jones  and  Bauerman).  It  has 
also  been  doubtfully  recorded  from  Biarritz. 

Coll.  Geol.  Surv.  Egypt,  No.  4,163,  Box  No.  5Z.  Mokattam  Seriee 
(Middle  Eocene)  :  near  top  of  Jebel  Safariat,  Sinai.  Several 
specimens. 

NummuUtes  Gtzehensts  (Forskal),  Ehrenberg,  var.  LyeHi,  d'Archiac  & 

Haime.     (PL  XIV,  Fig.  14.) 

XutnmuUt€9  LyeUi  (pars),  d*Archiac  &  Haime,  1853  :  Descr.  Anim.  groupe  nummu- 
litique  lude,  vol.  i,  p.  95,  pi.  iii,  figs,  la,  *,  2.  Fraas,  1867  :  Aus  dem 
Orient,  p.  129. 

N.  Gizehe^isis  LycUi^  d'Archiac,  De  la  Harpe,  1883  :  Palseontographica,  toI.  ixx, 
Pal.  Theil,  p.  192,  pi.  xxxiii  (iv),  figs.  3-10. 

This  is  a  large  variety,  and  perhaps  approaches  the  type  N.  cam- 
planata  most  closely.  It  is  rather  regular  in  outward  form,  and  has 
the  peripheral  edge  fairly  sharp  and  thin.  The  septa,  seen  in 
section,  run  nearly  straight  across  from  whorl  to  whorl,  especially 
in  the  later  turns  of  the  shell,  instead  of  being  arcuate  and  inclined, 
as  in  the  variety  previously  mentioned.  The  chambers  are  irregularly 
spaced.  The  specimens  from  Sinai  measure  as  much  as  38  mm.  in 
diameter  and  about  6  mm.  in  thickness. 

iV,  Qizehensis,  var.  Lyellt,  has  been  recorded  from  Egypt,  near 
Cairo ;  and  from  Syria,  in  the  white  limestone  of  Qerizhem. 

Coll.  Geol.  Surv.  Egypt,  No.  4,163,  Box  No.  51  Mokattam  Series 
(Jiliddle  Eocene) :  near  top  of  Jebel  Safariat,  Sinai.     Very  common. 

Nummuliles  Oizehensts  (Forskal),  Ehrenberg,  var.  Fachoi,  De  la  Harpe. 

Xummulitei  Gizehmsia  Paehoi,  De  la  Harpe,  1883:   Paleeonto^aphica,  toI.  iii» 
Pal.  Theil,  p.  193,  pi.  xxxiii  (iv),  figs.  14-18;  pi.  xxxiv  (v),  tigs.  1-6. 
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This  variety  is  large,  or  moderately  large  oompared  with  others 
of  the  same  type ;  disooid,  oompressed,  and  with  rounded,  hlunt,  or 
sharp  edges.    The  cross  section  shows  the  sides  to  he  parallel. 

De  la  Harpe  has  recorded  this  variety  from  the  Pyramids  of 
Gizeh,  in  the  Wadi  Emsid-el-Fltis,  between  M6r  and  Farafrah,  on  the 
Garet-el-Dalleh,  and  near  Rajan,  between  the  Fiydm  and  Beharieh. 

Coll.  Geol.  Surv.  Egypt,  No.  4,111,  Box  No.  1/.  Mokattao^ 
Series  (Middle  Eocene) :  top  of  Jebel  Abyad,  south  of  Wadi 
Gharandel,  Sinai.  Frequent  No.  4,163,  Box  No.  5L  Mokattam 
Series  (Middle  Eocene) :  near  top  of  Jebel  Safariat,  Sinai.  Frequent^ 
Also  No.  3,598,  Box  No.  132.  Mokattam  Series  (Middle  Eooene) : 
Wadi  Ehaddhid,  Sinai.     Frequent. 

Nummulites  curvispira,  Savi  6s  Meneghini.     (PL  XIII,  Fig.  5.) 

Nummulina  eurviipira,  Savi  &  Meneehini,  1851 :  Consid.  Geol.  Toscana,  p.  137. 

JTummuliiet  eurviipira  (Menegh.),  d  jircMac  &  Haime,  1853  :  Descr.  Anim.  groap9 
nnmmulitique  Ii](&,  p.  127,  pi.  ri,  figs.  I5a-d.  Fraas,  1867  :  Aiu  deni 
Orient,  p.  130.  De  la  Harpe,  1883 :  Paleontographica,  vol.  xzx.  Pal. 
Theil,  p.  200,  pi.  xxxiv  (t),  figi.  42-67. 

This  nummulite,  although  very  variable,  is  generally  of  a  flattened 
lenticular  shape,  with  rounded  peripheral  edge,  sometimes  more  ot 
less  sharp.  In  the  latter  feature  it  approaches  N,  Rouaulti,  d*Aroh; 
and  Haime.  Clean  fresh  specimens  often  show  the  flexuose  striation 
which  is  cbaracteristic  of  N.  Oizehenns,  The  surface  of  specimens 
slightly  weathered  is  radially  or  sinuously  striate,  with  granulations 
sparsely  scattered  between  them.  The  central  chamber  is  usually 
very  large,  and  is  followed  by  a  semilunar  segment.  The  whorls 
are  somewhat  irregular,  and  there  are  usually  six  turns  on  a  radius 
of  3  mm.     The  charabers  are  elongate  and  greatly  curved. 

N,  curvispira  has  already  been  recorded  from  Sinai  (Wadi 
Gharandel)  by  Rupert  Jones.  It  is  commonly  found  at  most  of  the 
localities  in  Egypt  in  the  Mokattam  Series,  at  Mokattam,  Gizeh, 
Minieh,  Beni  Hassan,  and  the  Libyan  Desert. 

Coll.  Geol.  Surv.  Egypt,  No.  4,111,  Box  No.  1/.  Mokattam  Series 
(Middle  Eocene) :  top  of  Jebel  Abyad,  south  of  Wadi  Gharandel, 
Sinai.  Frequent.  No.  3,598,  Box  No.  13/.  Mokattam  Series  (Middle 
Eocene) :  Wadi  Khadahid,  Sinai.     Very  common. 

Nummulites  Barroni,  sp.  nov.     (PI.  XIV,  Figs.  16a,  6,  c.) 

Test  lenticular,  swollen  in  the  centre,  hollowed  near  the  periphery, 
edge  quite  sharp.  Surfeice  striate  and  sometimes  feebly  granulate. 
Average  diameter,  5  mm. ;  thickness  at  the  centre,  2  mm. ;  shell 
with  from  4  to  5  whorls ;  4  turns  in  a  radius  of  2  mm.  Septa 
strongly  arched.  Central  chamber  subspherical  and  very  large,  one 
measuring  -To  mm. 

This  species  recalls  N,  Bouavlti  by  its  general  shape,  but  the 
edge  is  much  sharper,  and  the  thickness  at  the  centre  is  greater  in 
relative  proportion  to  size. 

The  three  species  N.  curvispira,  N,  Botuiulti,  and  N,  Barroni  are 
probably  related,  and  represent  a  group  of  the  megalospherio  type 
which  has  a  dimorphic  relationship  with  N.  Qizehensis  and  its 
varieties. 
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This  species  is  named  after  Mr.  T.  Barron,  F.G.S.,  who  collected 
the  specimens  during  his  work  in  Sinai,  January  to  June,  1899. 

Coll.  Geol.  Surv.  Egypt,  No.  ^,598,  Box  No.  13/.  MokattMi 
Series  (Middle  Eocene) :  Wadi  Ehadahid,  Sinai.    Common. 

OBBiTOiDESy  d'Orbigny  [1847]. 

Orlnioide$  {Diseoeyclina)  dispansa  (Sowerby ) .    (PI. XIII,  Figs.  Be, 7e.) 

Zifeophris  ditparuutf  Sowerby,  1837  [1840]  :  Tians.Geol.  Soc.  Lond.,  ser.  ii,  toLt, 

pp.  327,  718,  pi.  xxiT,  figs.  16,  16a,  b. 
OrbitoidM  dilabida,  Schwager,  1883  :  Paleontographica,  vol.  xzx.  Pal.  Theil,  p.  140, 

pi.  xxix,  figs.  7a-«. 

Schwager  records  this  species  under  the  name  of  0.  dilabida  from 
both  the  Libyan  and  the  Mokattam  Series  of  Egypt;  Dr.  Carter 
found  it  in  Scinde,  Eutoh,  and  Arabia. 

Nearly  all  our  Sinaitic  examples  are  slightly  abraded,  as  if  rolled 
by  current  agency,  and  in  one  of  the  specimens,  No.  4,112,  of  later 
age,  they  are  quite  fragmentary. 

Coll.  Oeol.  Surv.  Egypt,  No.  4,111,  Box  No.  12.  Mokattam  Series 
(Middle  Eocene)  :  top  of  Jebel  Abyad,  south  of  Wadi  Oharandel, 
Sinai.  Frequent  No.  4,112,  Box  No.  2Z.  (Derived)  ?  Bartonian 
Series  (Upper  Eocene)  or  ?  top  of  Mokattam  Series  (Middle  Eocene): 
beach  deposit,  Jebel  Abyad,  Sinai.  Rare,  broken.  No.  8,902,  Box 
No.  152.  Libyan  Series  (Lower  Eocene)  :  Jebel  Krer,  Sinai. 
Common. 

Orhitoides  (Discocyclina)  papyracea  (Boubee). 

NummuHtet  papyracea,  Boub6e,  1832 :  Bull.  Soc.  g6ol.  France,  ser.  ii,  p.  445. 
Orbitoidt*  (Biscoeyelina)  papyracea  (Boubee),  Gumbel,  1868  [1870]  :  Abhandl.  M. 

ph.  CI.  k.  bayer.  Ak.  Wiss.,  vol.  x,  p.  690,  pi.  iii,  figs.  3-12,  19-29. 
0.  pttpyraeea  (Boubee),  Schwager,  1883 :   Palaeontographica,  vol.  xxx,  Pal.  Theil, 

p.  139. 
0,  nudimargo,  Schwager,  1883 :  op.  cit.,  p.  139,  pi.  xxix,  figs.  Sa-e. 

The  specimens  in  the  Sinaitic  limestones  show  every  deviation 
between  the  forms  figured  by  Schwager  as  0,  nudimargo  and 
ordinary  specimens  of  0,  papyracea,  which  sometimes  have  a  slightly 
thicker  test.  Our  examples  are  seen  in  section  and  are  generally 
more  or  less  fragmentary. 

0.  papyracea  has  been  found  in  both  the  Libyan  and  Mokattam 
Series  in  Eg3^pt, 

Coll.  Geol.  Surv.  Egypt,  No.  4,111,  Box  No.  1/.  Mokattam  Series 
(Middle  Eocene)  :  top  of  Jebel  Abyad,  south  of  Wadi  Gharandel, 
Sinai.  Frequent.  No.  3,902,  Box  No.  15Z.  Libyan  Series  (Lower 
Eocene)  :  Jebel  Krer,  Sinai.     Rare. 

Orhitoides  {Discocyclina)  ephippium  (Schlotheim). 

Ltntieulites  ephippium^  Schlotheim,  1820  :  Die  Petrefuct^nkunde.  p.  89. 
Orbitoidet  (Discocyclina)  ephippium  (Schlotheim),  Giimbel,  1868  [1870]:    Abhandl. 

m.  ph.  CI.  k.  bayer.  Ak.  Wiss.,  vol.  x.  p.  696,  pi.  iii.  tijrs.  1.5,  16  38.  39. 
Orbitoidet  ephippium  (Schlotheim),  Schwager,  1883  :    ralaBontojrraphica,  vol.  rix. 

Pal.  Theil,  p.  139. 

A  few  characteristic  examples  of  the  above  species  occur  in  our 
eections.  It  was  recorded  by  Schwager  from  the  Mokattam  Series 
of  Egypt. 
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Coll.  Oeol.  Surv.  Egypt,  No.  4.111,  Box  No.  II.  Mokattam  Bvdm 
(Middle  Eooene) :  top  of  Jebel  Abyad,  Boath  of  Wadi  Oharandel, 
Binai.     Rare,  somewhat  fhigmentary. 

SPECIES  DESCBIBED  IN  THIS  PAPER. 

1.  MilioUna  eireularis  (Bornemaim].    Libyan  Series :  Jebel  Erer. 

2.  Akeolina  Bo9cU  (Detrance).    Libyan  Series :  Jebel  Knr. 
^.  A.  deeipmu,  Sch wager.    Libyan  Series :  Jebel  Erer. 

4.  Textularia  agglutinani^  d'Orbleny.   Libyan  Series :  junction  of  Wadi  Baba  tad 

WacU  Shellfcl. 
•5.  Bigenerina  nodosaria?,  d'Orb.    Libyan  Series:  Jebel  Erer. 

6.  BoliHna punctata?,  d^ Orb.    Mokatntm  Series :  Jebel  Abyad. 

7.  Olobigerina  bulloidet,  d'Orb.  Bartonian  or  top  of  Mokattam  Series :  Jebel  Abytd. 

5.  O.  etmglobata,  Brady.    Mokattam  Series :  Jebel  Abyad. 

9.  O,  eretaeea?,  d*Orb.     Mokattam  Series:  Jebel  Abyad.    Also  Libyan  Serifli: 

Jebel  Erer. 

10.  IH$corbina  rugota  (d'Orb.).    Mokattam  Series:  Jebel  Abyad. 

11.  i>.  giobuiari*  (d*Orb.).    Mokattam  Series:  Jebel  Abyad. 

12.  TnmeatuHna  umbonifera  (Schwager).    Mokattam  Series :  Wadi  Ehad&hid. 

13.  BotaUa  ealeari/ormia  (Schwager).    Mokattam  Series :  Jebel  Abyad. 

14.  Opereulina  eompkmata  (Defninoe),  yar.  eanaUftra,  d*Arcbiao.    Libyan  Series: 

junction  of  Wadi  Baba  and  Wadi  Shell&l ;  Jebd  Erer. 
16.  0.  eomplanata,  yar.  diieoidea,  Schwager.     ?  Bartonian  or  top  of  Mokattam 

Series :  Jebel  Abyad. 
16.  Seterottegina  depreua,  d'Orb.    Libyan  Series  :  Jebel  Erer. 
J.  Nummulitet  plantdata  (Lamarck).     P  Bartonian  or  top  of  Mokattam  Series: 

Jebel  Abyad. 
.8.  N,  Omttardi,  (PArch.  &  Haime,  yar.  antiqua,  De  la  Harpe.    Libyan  Series: 

Jebel  Erer. 

9.  y.  Hamondi,  Defrance.     Libyan  Series  :    junction  of  Wadi  Baba  and  Wadi 

SheU&l. 

10.  X.  Heherti^  d'Arch.  &  Haime.    P  Bartonian  or  top  of  Mokattam  Series :  Jebel 

Abyad.     Also  Libyan  Series :  Jebel  Erer. 
:i.  N,  variolaria  (Lamarck).    ?  Bartonian  or  top  of  Mokattam  Series  :  Jebel  Abyad. 
:2.  N.  subdiicorbina^  De  la  Harpe.     Mokattam  Series :  Jebel  Abyad. 
Z.  y.  Oizthtnsis  (Forskal),  var.  Ehrcnbergi,  De  la  Harpe.      Mokattam  Series: 

Jebel  Safariat. 
4.  N.  OizehensiSf  yar.  Lyelliy  d'Arch.  &  Haime.    Mokattam  Series :  Jebel  Safariat. 

6.  N.  Gizehensis,  var.  Paehoi,  De  la  Harpe.     Mokattam  Series:    Jebel  Abyad; 

Jebel  Safariat ;  Wadi  Ehad&hid. 

6.  JV.  curvispirOf  Sari  &  Meneghini.      Mokattam  Series :   Jebel  Abyad  ;    Wadi 

Khad&hid. 

7.  y.  Barroni,  sp.  nov.     Mokattam  Series  :  Wadi  Ehad&hid. 

8.  Orbitoidea  dupansa  (Sow.).     P  Bartonian  or  Mokattam  Series:   Jebel  Abyad. 

Libyan  Series :  Jebel  Erer. 

9.  Orbitoides  papyracea  (Boub6e).     Mokattam   Series :     Jebel  Abyad.      Libyan 

Series :  Jebel  Krer. 
0.  0.  ephippium  (%c\Aoi\ieim).    Mokattam  Series :  Jebel  Abyad. 

EXPLANATION   OP   PLATE   XIII. 

'lo.  1. — NummuHtes  subdiworbina,  De  la  Harpe.    Mokattam  Series:   in  nummu- 
litic  limestone  top  of  Jebel  Abyad,  Sinai.     No.  4,111.      x  16. 

io.  2a,-NummuUtesplanulata{Uim.).  i  I  B^rtoman  or  P  Mokattem  Series:   m 
,       „,       .J.        .  ,    .    ,T       \  {  forammiferal   limestone,   Jebel  Abyad, 

10.  2*.-i^.  t'am/flr,«  (Lam.).  |  gj^^^      No.  4,112.     x  12. 

'los.  3a,  4a. — Opereulina  complanata  (Defr.),  yar.  eanalifera,  d'Archiac.  \ 
'lOS.  3^,  Ab. — Nummulitea  Ramondi^  Defrance.  ) 

Libyan  Series:   in  dolomitized  foraminiferal  limestone,  junction  of  Wadi 
Baba  and  Wadi  ShellU,  Sinai.     Nos.  4,136  and  4,113.      x  16. 
IO.  0.  —  Nummulitea  curriapiray  Savi   &   Meneghini.      Wadi  Ehad&hid|   Sinai. 
No.  3,698.      X  4J. 
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FiOB.  6,  7. — Libyan  Series :  foraminiferal  limestone,  Jebel  Erer,  Sinai.  No.  8,001 
6a,  Alveolina  Boteii  (Defrance) ;  6b,  NunnnulUes  Guettardi^  d'Aick. 
and  Haime,  yar.  antiqua,  De  la  Harpe ;  6^,  le,  Orbitoidet  diapama  (Sow^; 
7a,  SeUroitegina  deprtMa,  d*Orb.;  7b,  Bigenerina^  nodoioria^  d'On. 
X  16. 

EXPLANATION  OP  PLATE  XIV. 

Fio.  1. — Miliolina  cireularU  (Bomemann).     TransTene  section.    Libyan  Senei: 

Jebel  Krer,  Sinai.    No.  3,902.     x  30. 
Fig.  2. — AlveoUna  dedpiena,  Schwag^.    Transyerse  section.    Libyan  Series :  Jebd 

Erer,  Sinai.    No.  3,902.     x  16. 
Fio.  3. — Textularia  agglutinans,  d'Orb.     Longitudinal  section.     Libyan  Seriei: 

junction  of  Wadi  Baba  and  Wadi  Shellld,  Sinai.    No.  4,113.     x  15. 
Fio.  4. — Bolivma  punctata  f,di^Ot\i.    Lonntadinal,  peripheral  section.    Mokattui 

Series:  Jebel  Abyad,  Sinai.    l7o.  4,111.     x  30. 
Fio.  b,^Globigerma  bulloides,  d'Orb.    Section  of  test.    Mokattam  Series :  Jebel 

Abyad,  Sinai.    No.  4,111.     x  30. 
Fio.  6. — Globxgerina  eonglobata,  Brady.    Section  of  test.    Mokattam  Series :  Jebel 

Abyad,  Sinai.    No.  4,111.     x  30. 
Fio.  7.— &.  eretacea?,  d'Orb.    Section  of  test.    Mokattam  Series  :  Jebel  Abyad« 

Sinai.    No.  4,111.     x  30. 
Fio.  S.^DUcorbina  globularu  (d'Orb.).    Section  of  test.    Mokattam  Series :  Jebel 

Abyad,  Sinai.    No.  4,111.     x  30. 
Fio.  9.— i>.  rugosa  (d*Orb.).     Section  of  test.     Mokattam  Series:   Jebel  Abyad, 

Sinai.    No.  4,111.     x  30. 
Figs.  10a,  b.^  TruneatuHna  umbotUfera  (Schwager).     Mokattam  Series:    Wa£ 

Ebad&hid,  Sinai.    No.  3,698.     x  30. 
Fio.  II. ^Botalia  ealcariformis  (Schwager).    Section  of  test.     Mokattam  Series: 

Jebel  Abyad,  Sinai.    No.  4,111.     x  16. 
Fio.  12. — OpercuUna  eomplanata  (Defrance),  var.  eanalifera,  d'Archiac.     libysn 

Series:   junction  of  Wadi  Baba  and  Wadi  Shell&l,  Sinai.    No.  4,136. 

X  3. 
Fio.  13.  —  0.  eomplanata    (Defr.),  yar.  discoidea,    Schwager.      ?   Bartonian   or 

?  Mokattam  Series:  Jebel  Abyad,  Sinai.     No.  4,112.     x  3. 
Fio.  14. — Nummulitts  Gizehensia  (Forsk&l),  var.  Lyelli,  d'Archiac  &  Haime.   Section 

on  the  fifth  and  sixth  whorls.     Mokattam  Series :   Jebel  Safariat,  Sinai. 

No.  4,163.     X  15. 
Fig.  15. — Nummulites  Gizchensis  (Forsk&l),  var.  Ehreiibergiy  De  la  Uarpe.    Section 

on  the  eleventh  and  twelfth  whorls.    Mokattam  Series  :  Jebel  Salariat, 

Sinai.     No.  4,163.     x  16. 
Figs.  16a,  i,  c. — KummuUtes  Barronij  sp.  nov,     16a,  superficial  aspect  of  test ; 

163,  edj^e  view  ;    16<?,  median  section.     Mokattam  Series  :   Wadi  Kha- 

dfihid,  Sinai.     No.  3,698.     x  2. 


iToa?iOES  OF   2s^E3s^oiies - 

The     Museums    Association  :     Eleventh     Annual     Meeting, 

Canterbury,  July  9-12,  1900.     President,  Henry  Woodward, 

LL.D.,   F.R.S.,   F.G.S.,   V.P.Z.S,   P.Pal.Soc,    of    the    British 

Museum    (Natural    History)  ;     Treasurer,    Alderman    W.    H. 

Brittain,  J.P.,  F.R.G.S.  (Museum,  Sheffield)  ;  General  Secretary, 

E.  Howarth,  F.R.A.S.,  F.Z.S.  (Museum,  Sheffield). 

rpHIS  useful  and  deservedly  successful  Association — supported  by 

X     the  presence  of   the  Right  Rev,  the   Bishop  of  Dover;   the 

Very  Rev.  the  Dean  of  Canterbury;  the  Rev.  Canon  Routledge; 

the   Worshipful   the    Mayors   of    Canterbury   and   of  Dover ;    the 

Deputy  -  Mayor,    Mr.    Alderman    Mason,    J. P. ;    by    F.    Bennett- 

Goldney,  Esq.  (Hon.  Curator  of  the  Royal  Museum,  Canterbury) ; 

Mr.    Sebastian    Evans,    ^.A..,    lAi.Ti.  \    M.t.    Stephen    Horsley, 
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Sheriff;  Mr.  Heniy  Fielding,  Town  Clerk;  and  fifty  Delegates 
and  Associatea  from  various  Museums  throughout  the  country — 
opened  its  publio  proceedings  on  Tuesday  morning  at  10  a.m. 
with  an  address  of  weloome  by  His  Worship  the  Mayor  of 
Oanterbury,  Alderman  Geo.  J.  CoUard,  J.P. 

Alderman  W.  H.  Brittain — in  the  absence  of  the  outgoing 
President  of  the  Association — then  proposed  the  election  of 
Dr.  Hennr  Woodward,  F.R.S.,  of  the  Natural  History  Branch  of  the 
British  Museum,  as  President  for  1900-1901,  and  paid  an  earnest 
tribute  to  that  gentleman's  work  in  connection  with  Museums. 

The  election  having  been  carried  unanimously, 

Dr.  Woodward  rose  to  return  his  thanks  and  proceeded  to  read 
his  Presidential  address. 

It  was,  he  said,  a  happy  omen — he  had  almost  said  inspiration — 
which  led  the  founders  of  that  Association  to  invite  its  organizing. 
Oommittee,  twelve  years  ago,  to  meet  in  the  ancient  JSboracum,  the 
city  of ''  the  White  Bose  of  York,"  once  the  capital  of  Boman  Britain, 
wnich,  blazoned  down  the  long  roll  of  history  for  eighteen  hundred 
years,  still  firmly  stood  its  ground,  like  some  ancient  warrior,  all 
■barred  and  weather-beaten  by  time,  by  wars,  and  by  revolutions, 
a  landmark  in  our  history  and  a  light  to  science,  ouch  was  the 
fair  arcbiepiscopal  city  of  York,  the  birthplace  of  the  Museums 
Association,  which  in  1831  gave  origin  to  the  great  British  Association 
for  the  Advancement  of  Science,  and  still  earlier  (1822)  founded 
the  Yorkshire  Philosophical  Society.  After  visiting  Liverpool, 
Cambridge,  Manchester,  London,  Dublin,  Newcastle,  Glasgow, 
Oxford,  Sheffield,  and  Brighton,  the  members  of  the  Museums 
Association  had  set  out  this  year  upon  a  pilgrimage  to  Canterbury, 
the  Mother-City  of  the  English  people— the  "  Cant-wara-byrig," 
the  capital  city  of  the  "  Cant,"  the  "  Angul,"  or  corner  of  Britain 
nearest  to  the  Continent,  towards  which  the  immigration  of  those 
Belgic  tribes  into  Britain  in  pre-Boman  times  was  directed,  and 
the  later  invasion  of  Julius  Caasar,  b.c.  54.  The  Cathedral,  which 
dated  back  to  a.d.  602,  was  recovered  by  St.  Augustine,  its  first 
Archbishop,  there  having  been,  it  was  said,  a  church  already  on  the 
spot  built  by  early  Koman  Christians.  Like  York,  Canterbury  had 
been  an  arcbiepiscopal  See  from  the  earliest  times  to  the  present 
day,  and  many  of  its  primates  lay  buried  within  its  precincts. 

But  it  was  not  his  duty  to  descant  upon  the  merits  of  their  present 
happy  meeting-place,  or  to  attempt  to  record  its  history.  Those 
were  matters  he  could  safely  leave  in  far  abler  hands,  for  among 
their  Vice-Presidents  he  saw  the  names  of  the  Very  Rev.  the  Dean 
of  Canterbury,  the  Worshipful  the  Mayor  (Mr.  Alderman  George 
Collard,  J.P.),  Mr.  Alderman  Mason,  J.P.,  and  many  other  gentlemen, 
including  Mr.  F.  Bennett-Qoldney,  the  Honorary  Curator  of  the 
Boyal  Museum,  Canterbury.  They  had  also  to  be  thankful  for 
the  assistance  of  Mr.  Henry  Mead  as  Local  Secretary.  Upon  the 
kindness  and  hospitality  of  those  gentlemen  during  their  visit, 
he  felt  sure  they  might  safely  rely,  and  indeed  their  programme 
held   out   many  eigreeable  promises  of  pleasant  n\^\\.^  \^q\.\v  V^x^ 
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and  in  Dover  during  their  brief  Bojonm  in  Kent  The  newly- 
elected  President  thanked  the  members  for  the  high  ooroplim«ot 
they  had  paid  him  in  installing  him  in  that  office,  and  p«o> 
ceeded  to  refer  to  his  forty-two  years'  association  with  the  BritMi 
MuFeum,  and  to  the  many  changes  and  developments  which  hid 
taken  place  there  daring  that  period  under  the  management  of 
its  numerous  present  and  past  officers  and  assistants.  Beferrins 
to  various  means  by  which  additional  interest  may  be  introdooed 
into  public  museums,  the  speaker  said  that  among  the  objeoti 
commenced  to  be  carried  out  by  the  new  Director,  Professor  E.  Bay 
Lankester,  was  the  formation  of  a  museum  to  illustrate  animals 
under  domestication.  The  Director  hoped  to  be  able  to  obtain 
examples  of  the  various  breeds  of  animals  which  were  the  vesult 
of  the  invention  of  man — giving  rise  to  what  in  Nature  would 
almost  amount  to  the  *'  origin  of  species."  But  it  did  not  ^PP^r 
that  those  varieties  could  ever  remain  permanent  without  arttnoiil 
environments.  All  the  immense  varieties  of  the  dog,  for  example, 
would  speedily  disappear  or  degenerate  into  mongprels  if  not  strictly 
preserved  by  man.  The  same  was  true  of  the  various  breeds  A 
fancy  pigeons ;  if  neglected,  the  offspring  would  again  revert  to  the 
common  blue  rock  pigeon  from  which  they  had  sprung.  Breedi 
of  horses  and  cattle,  when  removed  from  care  and  the  influence  of 
domestication,  were  also  found  to  lose  their  distinctive  points  of 
difference,  and  to  revert  to  the  common  wild  form  best  adapted  to 
its  surroundings.  Professor  Lankester  hoped  to  secure  examples 
of  some  of  those,  and  photographs  of  others  to  serve  as  recordii 
as  a  basis  for  future  investigations.  Dr.  Woodward  pointed  out 
that  in  order  that  they  might  benefit  permanently  by  the  great 
advances  made  of  late  in  natural  knowledge,  they  must  be  prepared 
to  make  great  changes,  and  sacrifice  many  cherished  ideas,  and 
might  find  themselves  travelling  along  new  lines,  guided  by  new 
lights,  or,  perchance,  might  have  to  make  their  own  lines,  and 
even  to  advance  under  hostile  opposition  to  carry  out  their  new 
ideas.  This  led  the  President  to  enter  into  various  details  of  museum 
arrangement,  in  which  he  suggested  several  improvements  and 
gave  results  of  other  scientists'  and  naturalists*  observations  in  this 
direction.  Dr.  Woodward  particularly  referred  to  the  most  valuable 
set  of  publications  of  Monographs,  Catalogues,  and  Guides,  issued 
by  the  authority  of  the  Trustees  of  the  British  Museum,  of  which 
he  exhibited  some  examples  on  the  table.  Also  to  the  use  of 
printed  descriptive  labels  for  all  the  more  important  groups  of 
animals,  and  for  all  objects  of  special  interest  and  novelty  exhibited 
to  the  public  in  the  Museum  Galleries. 

The  President  dealt  with  the  subject  of  arranging  specimens  in 
museums  and  the  difficulty  of  displaying  recent  and  fossil  forms 
together  in  one  series.  He  referred  to  an  earlier  discussion  of  this 
subject  which  took  place  at  the  British  Association  Meeting  in 
Manchester  in  1887.  In  adopting  such  a  radical  alteration  in  the 
arrangement  of  objects,  first,  there  was  *  public  opinion'  to  be 
considered;   secondly,  in  a  great  ^ubliQ  museum  like  that  of  the 
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BritiBh  Moseum  of  Natural  History  there  was  the  organiBation  of 
the  staff,  which,  like  the  collections,  was  divided  into  departments ; 
thirdly,  there  was  the  cost  of  making  such  alterations,  which  was 
▼ery  great ;  and  fourthly,  there  was  the  matter  of  convenience. 

" PMie  opinion"  said  Dr.  Woodward,  ** is,  I  find,  very  largely  ia 
favour  of  keeping  the  geological  and  Zoological  Oollections  distinct 
from  one  another,  principallv  because  the  people  who  use  the 
collections  are  still  interested  in  them  according  to  the  special 
line  of  research  in  which  they  are  engaged,  and  the  books  which 
they  have  been  reading.  They  come  expressly  to  see  the  Birds, 
or  the  Beetles,  or  Butterflies,  the  African  Antelopes,  or  Becent 
Shells,  and  don't  want  to  see  the  fossil  ones.  Or,  again,  they  are 
xnterseted  in  Ammonites,  or  in  Trilohites,  or  Fossil  Fishes,  and  wish 
to  see  what  we  have  exhibited  of  one  or  other  of  these.  For,  after 
allt  the  human  intellect  is  restricted,  and  we  cannot,  many  at  least 
of  us,  hope  to  attain  to  the  wisdom  of  Solomon,  who  dinooursed  of 
trees  from  the  cedars  of  Lebanon  to  the  hyssop  that  springeth  out 
of  the  wall,  and  spake  also  of  beasts,  and  of  fowls,  and  of  creeping 
things,  and  of  fishes.  The  necessities  arising  out  of  the  greatness 
of  the  subject  has  made  most  of  us  specialitti,  and  we  are,  as  a  rule, 
oontent  to  know  one  group  fairly  well.  As  a  consequence,  we 
rarely,  nowadays,  meet  with  the  all-round  Naturalist  who  has  a  wide 
knowledge  of  most  branches  of  Zoology  and  of  Botany.  Many 
of  the  members  of  this  Museums  Association  have,  however,  com- 
pulsorily,  to  keep  up  such  an  all-round  acqaaintanoe  with  Natural 
History,  and  not  unfrequently  to  undertake  the  intelligent  arrange- 
ment of  an  Art-Gallery  and  perhaps  a  Gallery  of  Antiquities  as  well. 
They  have,  in  fact,  to  be  more  learned  than  the  Professors  of 
Natural  History  in  the  Queen's  Universities,  who  less  than  50  years 
ago  were  required  to  lecture  on  Geology,  Mineralogy,  Botany,  and 
Zoology,  in  all  their  varied  branches !  and  to  give  demonstrations 
also  to  their  classes  in  the  field. 

"  The  organization  of  a  Museum  into  Departments,  each  under  its 
own  special  head,  is  almost  fatal  to  any  scheme  of  amalgamation, 
and  although  under  the  late  Sir  William  Flower,  and  the  present 
Director,  Professor  Ray  Lankester,  much  has  been  done  towards 
breaking  down  the  bard  lines  of  demarcation,  still  the  Departments 
of  Palaeontology  and  Zoology  remain  as  such  to  the  present  day. 

**  The  late  Director  commenced  in  1896  to  remodel  the  Zoological 
Department,  working  specially  at  the  Mammalia,  up  to  the  time  of 
his  retirement  in  September,  1898,  and  with  the  active  co-operation 
of  Mr.  Richard  Lydekker,  F.R.S.  (who  has  continued  the  task  down 
to  the  present  time).     Still  the  great  work  remains  unfinished. 

"  Sir  William  Flower's  last  efforts  were  devoted  to  complete 
the  exhibition  of  Cetacea  in  the  new  whale-room,  which  contains 
models,  skins,  and  skeletons  of  thirty-eight  of  these  huge  marine 
mammals.  The  present  Director  has  just  added  all  the  fossil  forms, 
so  that  in  this  one  group  the  biologist  is  able  to  see  the  living  and 
extinct  members  of  the  Cetacea  placed  side  by  side,  and  can  realize 
how  far  such  a  plan  is  a  success. 
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**  In  the  other  groups  of  the  Mammalia  Mr.  Ljdekker  has  been 
unable  to  introduoe  the  whole  of  the  fossil  forms,  and  has  been 
content  to  indicate  their  existence  by  drawings,  by  oolonred  oaati, 
or  by  parts  of  specimens,  wherever  he  could  make  room  for  them. 
Explanatory  labels  have  been  introduced  in  each  group,  and 
skeletons  also  of  each  type  of  mammal.  Coloured  maps  showing 
the  geographical  distribution  of  each  family  are  also  placed  with 
them.  To  do  all  this  the  actual  number  of  exhibited  specimens  hsi 
of  necessity  been  greatly  reduced.  This  limited  exhibition  of  recent 
and  extinct  forms  together  in  one  series  had  been  advocated  by  me 
in  1887,  and  may  be  seen  carried  out,  as  far  as  I  have  been  able  to 
obtain  specimens,  in  the  palssontological  galleries  under  my  care." 
oooooooo 

Dr.  Woodward  referred  to  the  two  great  epoch-making  events  which 
had  so  widely  affected  all  the  sciences,  and  which  saw  the  light  just 
forty-two  years  ago,  namely,  the  discoveries  in  prehistoric  arbhseology, 
by  which  the  age  of  man  has  been  carried  back  into  Newer  Tertiaiy 
time,  and  the  extinct  Mammalia  had  been  shown  to  have  sonrived 
down  to  the  human  period,  and  to  have  been  contemporary  with 
early  man  and  with  many  of  the  surviving  forms  of  animals  of 
to-day ;  uniting  the  latest  chapter  of  geological  history  to  the  oldest 
records  of  our  race,  and  joining  the  sciences  of  Geology  and 
Archseology  together.  Secondly,  the  enunciation  at  the  same  period 
of  Darwin's  origin  of  species  and  the  doctrine  of  evolution,  which 
linked  into  one  the  whole  chain  of  life  from  the  earliest  records 
in  Archaean  Rocks  to  the  full  tide  of  existences  which  now 
surround  us. 

o  o  oooooo 

The  President,  in  conclusion,  advocated  the  desirability  of  the 
publicatioij  by  the  Association  of  a  handbook  giving  an  account 
of  every  provincial  museum  throughout  the  country,  with  full 
particulars  as  to  each,  not  only  as  to  its  officers,  organization,  and 
its  plan  of  arrangement,  but  also  what  were  the  chief  features  of 
its  exhibits,  and  especially  to  print  any  records  concerning  'types* 
and  *  figured  specimens  *  preserved  in  its  collection  and  any  other 
particulars  of  general  public  and  scientific  interest. 


I^  E  "V^  I  E  "W  S- 

I. — The  Eighth  International  Geological  Congress,  Paris, 
1900.  Livret-Guide  des  Excursions  on  France  du  viii*  Congres 
Geologique  International.  Aveo  372  figures  dans  le  texte  et 
25  planches.     (Paris,  1900.) 

11HE  **Comite  d'organisation  du  viii®  Congres  Geologique  Inter- 
national,'* under  the  presidency  of  the  venerable  Professor 
Gaudry,  has  just  issued  a  "Livret-Guide  des  Excursions  en  France 
du  viii«  Congres  Geologique  International."  To  judge  from  this 
publication,  the  preparations  for  the  impending  Congress,  which  is 
to  meet  at  Paris  from  tlio  16tU  to  the  28th  August,  have  been 


Oeohgical  Congress^  in  Paris.  379 

ezoeedingly  well  made.  The  '' Livret-Guide  "  forms  a  bulky  ootavo 
Tolame  of  over  900  pages,  with  no  less  than  372  beaotiful  text- 
figares  and  25  plates  (geological  maps,  sections,  views,  etc.)* 

The  introduction  contains  notices  of  the  geological,  mineralogicaU 
imd  palaeontological  museums  and  collections  of  Paris  —  Museum 
d^Histoire  Naturelle,  Ecole  des  Mines,  Sorbonne,  Eoole  Libre  des 
Hautes  Etudes  Scieniifiques,  Collection  Pellat<— drawn  up  by  the 
respective  keepers. 

The  choice  of  the  regions  to  be  visited  has  been  made  in  such 
a  manner  that  the  Guide  contains,  as  a  matter  of  fact,  a  description 
of  all  the  '  terrains '  of  France,  thus  giving  a  summary  of  our  actual 
knowledge  of  the  detailed  geology  of  the  country.  So  that  this  book 
will  be  welcome  not  only  to  the  members  of  the  Congress,  whether 
0xoursionists  or  not,  but  for  several  years  to  come  it  will  remain 
a  useful  geological ' Baedeker'  of  France. 

There  will  be  two  categories  of  excursions,  'Excursions  g^nerales' 
and  '  Excursions  sp6ciales.'  In  the  latter  the  numbers  are  limited 
to  twenty,  being  intended  for  specialists  only,  who  are  supposed  to 
be  at  the  same  time  good  walkers  and  not  to  consider  comfort  as  the 
primary  condition  of  a  scientific  excursion.  The  following  are  the 
'^Excursions  speciales ' : — 

August  31  to  September  9 :  Alps  of  the  Dauphiue  and  Mont-Blanc 

(Directors,  MM.  Marcel  Bertrand  and  W.  Eilian). 
August  6  to  14 :  Aquitaine  (Dir.,  M.  Ph.  Glangeaud). 
August  6  to  14:  Ardennes  (Dir.,  M.  Gosselet). 
August  30  to  September  6  :   Tertiary  basins  of  the  Rhone 

(Dir.,  M.  Deperet). 
August  4  to  14 :  Bretagne  (Dir.,  M.  Ch.  Barrois). 
August  29  to  September  4 :  Caves  of  the  Causses 

(Dir.,  M.  E.  Martel). 
August  3  to  9 :  Gironde  (Dir.,  M.  E.  Fallot). 
August  30  to  September  12 :   La  Mure,  D^voluy,  Diois,  Yalentinois 

(Directors,  MM.  Lory,  Paquier,  Sayn). 
August  9  to  14  :  Mayenne  (Dir.,  M.  D.  P.  Oehlert). 
August  11  to  14:  Miocene  of  Touraine  (Dir.,  M.  G.  Dollfus). 
August  29  to  September  6  :  Montague- Noire  (Dir.,  M.  Bergeron). 
August  29  to  September  6  :  Mont-Dore  (Dir.,  M.  Michel  Levy). 
September   11    to    20:     Mont-Ventoux  and    Montague   de   Lure 

(Directors,  MM.  W.  Kilian  and  Leenbardt). 
August  29  to  September  8  :  Morvan  (Directors,  MM.  Velain,  Peron, 

and  Breon). 
August  31  to  September  9  :  Pelvoux  and  Brian^onnais 

(Dir.,  M.  P.  Termier). 
September  3  to  8 :   Picardie  (Directors,  MM.  Gosselet,   Latlriere, 

and  Cayeux). 
September  23   to   October  2  :    Provence   (Directors,  MM.   Marcel 

Bertrand,  Vasseur,  and  Ziircber). 
August  4  to  14 :  Pyrenees — crystalline  rocks  (Dir.,  M.  A.  Lacroix). 
August  30  to  September  8  :  Pyrenees — sedimentary  formations 

(Dir.,  M.  L.  Carez). 


380         Rerieira — Dr.  J.  W.  Qregory^B  FimU  Bryozoa. 

September  7  to  11 :  Secondary  and  Tertiary  formatioDs  of  the 

Alpes  (Dir.,  M.  E.  Haug). 
August  11  to  14  :   Turonien  of  Tonraine  and  O^nomanien  of  the 

Mans  (Dir.,  M.  de  Grossouvre). 

Under  the  heading  'Excursions  generales*  are  (1)  three  large 
excursions,  viz. : — 

August  29  to  September  7 :  Coal-basins  of  Central  France 

(Directors,  MM.  Fayol  and  Grand'Eury). 
August  30  to  September  8 :  Primary  and  Secondary  formations  of 

the   Boulonnais   and    Normandy    (Directors,    MM.    Goaselet, 

Munier-Cbalmas,  Pellat,  Bigaux,  Bigot,  and  Cayeux). 
August  29  to  September  15 :  Central  Massif  of  France  (Direoton, 

MM.   Michel   Levy,  Marcellin  Boule,   G.   Fabre,  and  K  A 

Martel). 
(2)  Short  excursions  which  will  enable  members  to  visit,  during 
the  Congress,  the  Tertiary  fossiliferous  formations  of  the  neighbour- 
hood of  Paris. 

From  the  dates  given  above  it  will  be  seen  that  the  excursioni 
take  place  before^  daring,  and  after  the  Congress.  The  direoton 
of  the  excursions  are  the  authors  of  the  respective  notices  on  the 
same,  which  are  issued  in  twenty-three  separate  fascicules  for  the 
convenience  of  the  excursionists. 

In  connection  with  the  above  it  may  be  mentioned  that  at  the  last 
meeting  of  the  Geological  Society  of  London  on  June  20,  a  letter 
was  read  from  Professor  Gaudry,  the  President  of  the  Organizing 
Committee  of  the  Congress,  to  the  Foreign  Secretary  of  the 
Geological  Society,  conveying  a  very  warm  and  cordial  invitation 
to  tlie  Fellows  of  the  Geological  Society  to  attend  the  Congress,  aod 
assuring  to  them  a  heartj^  welcome  from  their  geological  brethren  of 
France.  It  is  to  be  hoped  that  this  generous  invitation  will  find 
a  ready  response  from  our  British  Geologists. 


II, — Catalogue  of  the  Fossil  Brtozoa  in  tub  Departmkkt  of 
Geology,  British  Museum  (Natural  History).  Thb  Cre- 
taceous Bryozoa.  Vol.  I.  By  Dr.  J.  W.  Gregory,  D.Sa,  F.G.S. 
8vo;  pp.  xiv,  457, 17  plates,  text  illustrated.  (London:  printed 
by  order  of  the  Trustees  of  the  Museum,  1899.) 

FOUR  years  ago  we  had  the  pleasure  of  noting  (Geol.  Mao., 
1896,  p.  378)  the  first  of  what  it  was  hoped  might  be  a  series 
of  Catalogues  of  the  Fossil  Bryozoa  in  the  national  collection.  That 
volume,  also  by  Dr.  Gregory,  dealt  with  the  Jurassic  forms,  which  it 
was  seen  would  supply  the  key  to  those  that  came  after.  Now  we 
have  before  us  the  first  instalment  of  the  Cretaceous  Bryozoa.  The 
work  is  on  the  same  lines  as  its  predecessor,  with  such  changes  in 
nomenclature  (e.g.  Diastoporidse  for  Tubuliporidse)  as  experience  has 
shown  to  be  necessary,  and  is  severely  technical,  consisting  as  it 
does  of  descriptions  of  the  species,  with  discussions  as  to  synonymy, 
and  so  on.  'I'he  general  introduction  to  the  Cretaceous  Bryozoa, 
with  other  interesting  qwesUoiift,  %wdi  ^^a  Usta  of  localities  with  their 
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horizons,  have  been  deferred  for  a  seoond  volume,  and  we  can  only 
hope  that  thoagh,  greatly  to  the  regret  of  his  ooUeagues  at  the 
Musenm,  Dr.  Gregory  has  taken  himself  to  fresh  fields,  the  work  he 
has  so  ably  begun  may  yet  be  carried  to  a  successful  end. 

The  Bryozoa  are  notoriously  a  difficult  group,  though  they  are 
a  most  fascinating  study  owing  to  the  beauty  of  their  forms,  which 
must  strike  even  the  most  casual  observer  on  turning  over  tha 
admirably  executed  plates  which  conclude  the  volume. 


FOBMATION   OF  MABITIME  PEAT. 

Sib, — It  may  interest  some  of  the  readers  of  this  Magazine  ta 
learn  that  a  remarkable  illustration  of  the  mode  of  formation  of  beds 
of  maritime  peat  is  at  present  to  be  seen  on  the  shore  in  a  small  bay 
near  the  Bucket  Bocks  to  the  east  of  this  town.  During  a  heavy 
flood  one  day  late  in  the  past  autumn  great  quantities  of  leaves  were^ 
washed  into  the  Tweed  from  the  numerous  woodlands,  parks,  and 
bed^rows  adjoining  its  banks,  and  in  course  of  time  were  drifted 
out  to  sea.  A  south-east  wind  prevailed  at  the  time,  and  the  flotilla 
of  leaves,  on  reaching  the  quieter  water  of  the  sea  o£f  the  river 
mouth,  were  gently  wafted  shorewards  in  the  direction  of  the 
sheltered  bay  referred  to.  As  they  floated  they  were  evidently 
first  sorted  out,  in  aocordance  with  their  buoyancy,  and  then  were^ 
quietly  deposited  at  the  foot  of  the  cliff  as  the  tide  fell.  They  form 
a  sodden  mass  of  leaves  quite  five  feet  in  thickness  at  several  places, 
which  extends  along  the  shore  for  several  hundred  yards. 

An  old  resident,  long  acquainted  with  the  coast  there,  tells  me 
that  the  same  thing  happens  almost  every  year ;  but  that  each  year's 
deposit  is  generally  washed  seaward  again,  sooner  or  later,  after  it 
has  been  laid  down. 

As  might  be  expected  from  the  nature  of  the  deposit,  the  con- 
stituents of  which  have  been  arranged  solely  with  reference  to  their 
powers  of  flotation,  it  includes  a  small  percentage  of  dried  materials 
which  the  sea-water  has  floated  from  various  parts  of  the  shore. 
Bits  of  paper,  straws,  dried  fronds  of  Fucub  vesiculosiis  and  F.  serratus, 
ooated  with  Spirorbis,  and  pieces  of  Laminaria  encrusted  with 
Jiembranipora,  occur  in  small  proportion,  and  there  are  a  few 
fragments  of  corallines.  Talilrua  loeusta,  both  dead  and  living,  is 
rather  common. 

The  mass  is  not  divided  by  any  beds  of  mud  or  sand.  The 
general  aspect  of  the  deposit  differs  but  little  from  that  of  such 
beds  of  maritime  peat  as  occur,  for  example,  at  Elie  in  Fifeshire 
and  at  Maryport  in  West  Cumberland,  both  of  which  are  usually 
regarded  as  evidences  of  former  changes  of  level  of  the  land.  Yet 
it  must  be  obvious,  from  a  consideration  of  the  facts  above  noted, 
that  similar  deposits  must  frequently  be  laid  down  in  the  vicinity 
of  large  rivers,  in  quiet  nooks  both  at  the  sea-level  and  beneath  it, 
if  the  vegetable  remains  in  the  latter  case  have  soaked  long  enough 
to  become  water-logged.  J.  G.  QiQQY>^^\\a, 

Bbbwicz,  Ju^  4,  1900. 
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JOHN    YOUNG,    LL.D.,    F.G.S. 

fioBN  1823.  DiBD  Haboh  13,  1900. 

John  Youno  was  bom  at  Lennoxtown,  in  the  parish  of  Campsie, 
1823.  His  father,  Thomas  Yoang,  was  employed  in  the  wright- 
shop  of  Lennox  Mill,  the  bleaching-field  and  oalioo-printing  works 
of  Dalglish,  Falconer,  &  Co.  When  10  years  old  he  was  taken 
irom  school  to  be  a  message-boy  in  the  Bleaohfield.  This  wm 
before  the  employment  of  children  was  ameliorated  and  regulated 
by  the  Legislature ;  and  then  he  was  taken  on  in  the  Mill,  where 
16  hours  a  day  (at  sixpence  a  day  and  a  penny  an  hour  for  over* 
work),  whether  in  the  hot  or  cold  works  (both  extreme),  were  more 
than  he  could  bear ;  and  his  mother  took  him  away.  Afterwards  he 
was  apprenticed  for  seven  years  to  print-cutting. 

He  was  in  the  employment  of  the  firm  for  26  years,  until  he  went 
to  live  in  Olasgow  in  1859,  but  before  then  he  utilized  what  little 
time  his  hard  work  allowed  him  for  study,  attending  the  Mebhanioi 
Institute  and  reading  what  books  he  could  get  to  see  on  G^logy, 
his  favourite  science,  and  becoming  well  known  among  geologists. 

In  1855  the  British  Association  met  at  Olasgow,  under  the  presi- 
dency of  the  Duke  of  Argyll,  and  a  collection  of  the  rocks  and  rossili 
of  the  West  of  Scotland  was  to  be  an  important  feature  at  the  meeting. 
Mr.  Bobert  Dalglish,  partner  in  the  Bleachworks,  etc.,  knew  of  John 
Young's  geological  taste  and  competence,  and  arranged  to  let  his 
employe  go  to  Glasgow  to  superintend  and  classify  the  collection. 
For  five  months  he  was  engaged  on  this  work,  and  was  brought  into 
contact  with  some  of  the  leading  geologists  of  the  time.  So  thoroughly 
qualified  was  he  for  this  task,  that  shortly  afterwards  the  Sonatas 
of  Glasgow  University  offered  him  the  position  of  Keeper  of  the 
Himterian  Museum.  In  1859  be  removed  to  Glasgow  with  his  wife 
and  young  family,  and  entered  on  his  new  duties,  living  at  the  Old 
College  in  the  High  Street  of  Glasgow. 

He  successfully  fulfilled  an  onerous  duty  when  the  College  of 
Glasgow  was  removed  from  the  High  Street  to  Gilmorehill.  He 
carefully  packed  and  removed  the  thousands  of  specimens — patho- 
logical, physiological,  and  antiquarian — contained  in  the  Hunterian 
Museum,  arranging  and  classifying  them  in  their  new  location,  with 
the  co-operation  of  bis  colleague,  Professor  John  Young,  M.D.,  the 
Head  Keeper  of  the  Museum. 

The  Campsie  district  in  Stirlingshire,  between  Glasgow  and 
Stirling,  especially  around  Lennoxtown,  bis  birthplace  (about 
seven  miles  north-east  of  Glasgow),  had  always  attracted  John 
Young ;  indeed,  at  an  early  period  he  studied  its  features  and  its 
geological  structure  assiduously  and  with  success.  He  made  himself 
acquainted  with  all  the  natural  and  artificial  exposures  of  its  rocks 
and  strata,  learning  the  mineralogical  nature  of  the  greenstones 
and  ash -beds  of  the  trap- formation,  and  the  fossil  contents  of  the 
sedimentary  limestones,  shales,  and  sandstones,  some  of  which, 
equivalent  to  the  "  Calciferoua  Sandstone  Series,"  are  intercalated 
with  the  trappean  rocks. 


ObUmry^John  Taung,  LL.D.,  F.0.8.  383 

From  the  Old  Bed  Sandstone,  lying  below,  he  carefully  noted  ihh 
eeqnenoe  of  the  several  members  of  (1)  the  "Calciferous  Sandstone 
Series/'  including  the  Ballagan  Limestone  Series  and  the  Trap 
Series;  and  (2)  the  several  members  of  the  "Lower  Limestone 
Series,"  belonging  to  the  great  Lower  Carboniferous  Formation, 
and  equivalent  in  part  to  the  Mountain  Limestone  of  England.  The 
«Qceessive  members  of  this  "  Lower  Limestone  "  group  in  asoending 
•order  and  divisible  by  their  constitution  and  their  fossils,  he  defined 
as  that  of  Mill  Bum,  of  Balgrochen  Bum,  of  Balglass  Bum,  of 
Oraigen  Glen,  of  the  Main  Limestone  and  Goal,  of  the  Hosie  Lime- 
stone, and  of  Corrie  Burn.  The  Balquarhage  Series,  belonging  to 
the  "  Upper  Limestone,"  also  occurs. 

In  the  above-mentioned  groups  of  strata  there  are  several  seams  of 
•ooal,  of  not  very  good  quality.  There  are  some  good  cement-stones; 
and  a  large  proportion  of  the  Campsie  shales  contain  useful  iron- 
stone. Others  of  them  are  good  oil-shales,  in  which  the  crowded 
organisms,  such  as  Entomostraca,  have  supplied,  as  he  shows,  the 
hydrocarbon.  Marine  shells  are  abundant  in  many  of  the  strata, 
but  in  some  limestones  and  shales  they  are  wanting,  only  remains 
of  plants,  fishes,  and  Entomostraca  remaining  in  evidence  of  what  is 
r^arded  as  estuarine  conditions  of  these  particular  deposits.  By 
further  research  John  Young  and  his  colleagues  elucidated  the 
relationship  of  these  interesting  strata  of  Campsie  to  those  of  other 
parts  of  Western  Scotland  and  elsewhere.  Faults,  causing  a  dis- 
placement of  the  strata,  were  carefully  observed  by  John  Young  in 
the  Campsie  valley  (the  greenstone  dyke  at  Milton  for  instance), 
and  the  great  Eddlewood  fault  in  the  Lanarkshire  Coalfield. 

The  uppermost  deposits  in  the  region  referred  to  belong  to  the 
Erratics  of  the  Quaternary  period,  such  as  the  boulder-till  and  the 
flands  and  gravels  that  were  washed  out  of  old  moraines ;  and  these 
have  been  cut  into  and  variously  modified  by  river- action  since  the 
last  uprise  of  the  country.  Surface  scratchings  and  other  glacial 
markings  are  frequent.  A  striking  monument  to  John  Young's 
industry  and  acumen  in  glacial  geology  exists  in  the  Hunterian 
Museum,  where  he  accumulated  and  laid  out  carefully  for  inspection 
a  well-selected  and  extensive  series  of  boulders  and  striated  stones 
(190  varieties)  excavated  from  the  local  Boulder-till  in  digging  the 
foundations  of  the  noble  University  on  the  crown  of  Gilmore  Hill. 
In  the  Museum  there  they  now  constitute  a  valued  "memorial  of  the 
great  variety  of  travelled  rooks  found  on  the  site,"  as  John  Young 
intended  (Trans.  Geol.  Soc.  Glasgow,  vol.  iii,  1871,  p.  304).  Indeed, 
he  showed  that  the  hill  itself  comprises  a  characteristic  succession  of 
the  Lower  and  Upper  Limestone  Series,  mentioned  above  as  having 
been  elucidated  by  his  researches  at  Campsie  and  elsewhere. 

In  collecting  and  determining  the  multitude  of  fossils  from  the 
Carboniferous  strata,  not  only  of  the  vicinity  of  Glasgow,  but 
throughout  the  rich  middle  basin  of  Scotland;  from  the  Firth  of 
Clyde  to  the  Firth  of  Forth,  he  greatly  advanced  his  favourite 
science.  He  gained  much  experience  in  the  discrimination  of 
Lamellibranchiata  and  Brachiopoda,  studying  th^Vt  %\i^\V-^\x\i5i\jQx^ 
minutely  under  the  m/oroscope.     Polyzoa  "wer^  it^c\v3L^Ti\\^  ^"ewsr^w^ 
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by  him,  and  he  made  a  long  list  of  Foraminifera  from  the  shales  and 
limestones.  In  particular,  he  published  (1874)  an  aoooant  of  the 
disoovery  of  the  interesting  Saecammina  Carteri  in  the  "Lower 
Limestone  "  Series  of  the  Lanarkshire  Coalfield  and  elsewhere.  Of 
the  Entomostraoa  of  his  finding,  many  he  submitted  for  examination 
to  his  friends  J.  W.  Eirkby  and  T.  R.  Jones,  and  his  name  was 
frequently  used  by  them  in  the  nomenolatore  of  genera  and  species. 
The  last  instance  of  this  friendly  oo-operation  is  in  the  treatment  of 
the  unique  specimen  found  by  him  long  ago  at  Bobroyaton,  near 
Glasgow,  and  determined  by  his  two  friends  Bupert  Jones  and 
Henry  Woodward  to  be  a  peculiar  phyllopod  or  phyllooarid,  with 
the  appellation  of  ClionoeariB  Towigii  (Monog^.  PaL  Sec.,  1899, 
p.  181,  pi.  xxii,  figs.  la-e).  Pirections  for  oolleoting  and  mounting 
miorozoa  from  the  Carboniferous  strata  of  West  Scotland  were 
clearly  given  by  John  Yuung  in  the  Trans.  Oeol.  See.  Glasgow, 
vol.  ii  (1867).  p.  186. 

His  published  papers  are  numerous  (see  the  Boyal  Society's 
Catalogue  of  Scientific  Papers)  in  the  Transactions  of  the  soientijfio 
societies  of  Glasgow  and  Edinburgh,  the  Annals  of  Natural  History, 
the  Gkolooioal  Maoazimb,  and  the  Journal  of  the  Geological  Society. 
Many  of  them  are  joint  papers,  with  bis  colleague  John  Young,  MJ).r 
Keeper  of  the  Hunterian  Museum,  Robert  Craig,  James  Armstrongs 
David  Robertson,  D.  Corse  Glen,  and  other  Glasgow  geologists. 
One  of  his  last  contributions  in  association  with  friends  (Jones  and 
Eirkby)  appeared  in  the  Trans.  Edinburgh  Geol.  Soc.,  vol.  vii 
(1899),  treating  of  one  of  his  favourite  lines  of  research  in  the 
distribution  of  the  Carboniferous  Entomostraoa,  especially  Carhonia. 

The  inestimable  "Catalogue  of  the  Western -Scottish  Fossils," 
published  in  1876  for  the  use  of  the  British  Association,  bears  much 
of  the  fruit  of  John  Young's  work,  as  indicated  by  Professor  John 
Young,  M.D.,  in  his  introductory  and  general  notes  in  that  volume. 
The  lists  of  Ostracoda  and  Foraminifera  were  subsequently  revised  in 
the  Trans.  Geol.  Soc.  Glasgow,  vol.  ix  (1891). 

John  Young  was  for  many  years  an  active  member  of  the 
Glasgow  Mechanics  Institute,  the  Glasgow  Geological  Society,  and 
an  Associate  of  the  Geological  Society  of  Edinburgh ;  he  was 
elected  a  Fellow  of  the  Geological  Society  of  London  in  1874 ;  and 
in  1883  was  honoured  with  the  award  of  the  Murchison  Donation 
Fund  for  his  long-continued  and  successful  researches  in  the  fossil 
Polyzoa  and  in  the  shell- structures  of  other  fossils.  Lastly,  the 
well-deserved  Honorary  Degree  of  LL.D.  was  conferred  on  him 
by  the  Glasgow  University  in  April,  1893. 

A  man  of  conspicuous  ability,  fully  appreciating  the  beauties  of 
Nature  and  successfully  elucidating  some  of  her  secrets,  he  had 
wonderful  energy  and  perseverance.  He  was  full  of  inforination, 
and  willingly  gave  the  benefit  of  it  to  all  enquirers:  indeed,  he 
spread  the  knowledge  of  geology  widely  by  his  teachings  in 
Glasgow  and  by  his  many  communications  to  various  journals. 
He  was  indeed  one  of  the  good  old  sort  of  North  British  naturalists 
tind  geologists,  who  are  now  unfortunately  too  rapidly  diminishing 
in  number.  T.  R,  J. 
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I. — On  Nephkline-Stknitb  and  its  Associates  in  the  Nobth- 

West  of  Scotland. 

By  J.  J.  H.  Teall,  M.A.,  F.R.S.,  Pree.G.S. 
(Communicated  by  permission  of  the  Director-General.) 

IN  1892  I  desoribed,  in  conjunction  with  my  colleague  Mr.  Home, 
a  peculiar  rock,  essentially  composed  of  orthoclase  and  melanite, 
under  the  name  of  borolanite.*  The  type-specimens  came  from  the 
plutonic  mass  which  lies  to  the  north  of  Loch  Borolan,  in  Sutherlaud- 
shire  (1  in.  sheet  101).  During  the  preparation  of  the  paper  on 
borolanite  our  colleague  Mr.  Ounn  discovered  two  dykes  of  a  closely 
related  rock  traversing  the  Torridon  Sandstone  in  the  Coigach 
district  of  West  Ross-shire.  The  rock  of  these  dykes  was  described 
in  an  appendix  to  our  paper.  It  contains  nepheline  and  asgirine,  in 
addition  to  orthoclase  and  melanite,  and  is  therefore  allied,  both  as 
regards  mode  of  occurrence  and  mineralogical  composition,  to  the 
Tinguaite  group  of  Rosenbusch ;  but  as  melanite  is  an  important 
constituent  it  was  classed  with  the  borolanites. 

At  the  conclusion  of  our  paper  we  say  :  "  The  aflSnities  of 
borolanite  are  unmistakeable.  It  is  a  member  of  the  foyaite  (elsBolite- 
syenite)  family.  The  occurrence  of  melanite  as  an  important 
accessory  in  certain  rocks  belonging  to  the  nepheline-leucite  group 
has  long  been  recognized.  In  our  rock  we  have  melanite  raised 
to  the  rank  of  an  essential  constituent  Borolanite,  as  we  have 
already  shown,  is  intrusive  in  the  Cambrian  rooks  of  Sutherland - 
shire.  The  nearest  rocks  in  any  way  allied  to  it  are  the  elaeolite- 
syenites  of  the  Christiania  district,  which  are  also  intrusive  in  Lower 
PalsBOzoic  strata." 

Since  this  paper  was  written  I  have  had  the  privilege  of  visiting 
the  Christiania  district,  under  the  guidance  of  Professor  Brogger,  and 
the  experience  thus  gained  has  been  of  the  greatest  service  in 
a  re-examination  of  the  post-Cambrian  igneous  rocks  of  the  north- 
west of  Scotland  —  a  re-examination  rendered  necessary  by  the 
preparation  of  the  Geological  Survey  memoir  on  that  district  Some 
of  the  results  thus  brought  to  light,  especially  the  recognition  of 
true  nepheline-syenites,  as  well  as  other  rocks  closely  allied  to  types 
described  by  Prof.  Brogger  in  his  classic  memoirs  on  the  Christiania 

*  "  On  Borolanite :  an  I^eous  Rock  intrusive  in  the  Cambrian  Limcatoua  q1 
Assynt,  etc.'' :  Trans.  Roy.  Soc.  Edin.,  vol.  xxxvii  (,\BO^Y  ^^-  \^W\'$>. 
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district,  appear  to  be  of  sufficient  interest  to  justify  a  brief  preliminaiy 
notice,  which  it  is  the  purpose  of  this  communication  to  supply. 

The  work  of  previous  observers  on  the  rocks  in  question  ib 
described  in  the  paper  on  borolanite  above  referred  to,  and  need  not 
therefore  be  repeated  in  detail ;  but  there  is  one  name  I  denre 
especially  to  mention  in  the  present  connection,  namely,  that  of 
Dr.  Heddle.  In  one  of  his  papers  on  the  geognosy  and  mineralogy 
of  Scotland  ^  he  gives  chemical  analyses  of  the  porphyritio  felspan 
and  of  the  groundmass  of  a  **  homstone  porphyry  '*  from  the  aonth* 
east  spur  of  Ben  Brachaid.  Both  agree  very  closely  with  albite  in 
composition.  Thus  the  credit  of  establishing  the  existence  of  Tocks 
formed  by  the  consolidation  of  an  alkaline  magma  exceptionally  rich 
in  soda,  in  the  Assynt  district,  unquestionably  belongs  to  Dr.  Heddle. 

The  post-Cambrian  igpieous  rocks  of  the  north-west  of  Scotland 
occur  in  two  forms — as  plutonic  masses  and  as  sills  and  dykes; 
or,  in  other  words,  as  abyssal  and  hypabyssal  rocks.  No  lavas 
or  effusive  rocks  of  any  kind  are  known.  The  only  important 
plutonic  mass  is  the  one  stretching  from  Ledbeg  for  about  ^ye  miles 
in  a  south-easterly  direction,  with  an  average  width  of  about  one 
mile.  Cnoc  na  Sroine  (1,306  feet)  forms  the  culminating  point  The 
dominant  rock  of  this  mass  is  a  red  granite  or  syenite,  remarkably 
free  from  ferro-magnesian  or  any  other  dark-coloured  oonstitaents. 
It  was  described  by  Kicol  as  a  red  felspar  porphyry,  and  by 
Murchison  as  a  syenite.  Dr.  Heddle  pointed  out  that  true 
porphyritio  structure  is  absent,'  and  that  the  rock  is  composed 
mainly  of  red  felspar,  often  much  stained  and  decomposed ;  quartz 
being  always  subordiDate  to  the  felspar  and  sometimes  absent 
altogether. 

The  Bpecimens  in  the  Survey  collection  agree  with  Dr.  Heddle's 
descriptions.  Those  in  which  quartz  is  present  have  the  aspect 
of  somewhat  coarse-grained  binary  granites,  while  those  in  which 
it  is  absent  resemble  syenites.  Ferro-magnesian  constituents  are 
extremely  rare  in  the  main  mass  of  Cnoc  na  Sroine,  but  they  occur 
abundantly  in  some  of  the  peculiar  rocks  found  on  the  margins. 
A  specimen  from  the  burn  behind  the  inn  at  Aultnacallagaoh 
(3,082) '  is  a  coarse-grained  red  granite  or  quartz-syenite,  composed 
mainly  of  felspar,  but  containing  also  a  few  blebs  of  quartz  and 
some  insignificant  dark  specks  representing  a  ferro-magnesian 
mineral.  Under  the  microscope  two  felspars  are  recognizable.  The 
plagioclase  occurs  in  more  or  less  idiomorphic  crystals,  which  are 
often  zoned  and  always  twinned  on  the  albite  plan.  The  twin 
lamellae  are  numerous  and  very  narrow.  The  second  felspar  occurs 
in  large,  irregular  plates,  and  shows  moire-structure  under  crossed 
nicols.  It  is  often  twinned  on  the  Carlsbad  plan,  and  frequently 
contains  inclusions  of  idiomorphic  plagioclase.     Quartz  occurs  in 

^  Minenilogical  Ma^^azine,  toI.  v  (1884),  p.  141. 

^  A  specimen  in  the  Survey  collection  (3,081)  from  the  summit  of  Cnoc  m 
Sr6ine  snows  a  half- porphyritio  structure  such  as  is  occaflionally  found  on  the 
maririn  of  Broprgcr's  nordmarkite. 

^  Thi)  numbers  in  pareutkeaeB  Telei  to  the  registered  spocimena  in  the  collection  of 
thf  Geological  Survey. 
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irregalar  grains.  The  ferro-magnesian  mineral  is  represented  by 
minute  scales  of  a  bright  green  chlorite. 

When  the  powder  of  the  rook  is  placed  in  a  Bellas'  di£fusion 
column  three  well-marked  bands  are  formed :  one  corresponding 
to  quartz,  which  is  present  only  in  small  quantity  (2*65) ;  another 
corresponding  to  albite  (2*62) ;  and  a  third  at  a  level  just  below  the 
point  at  which  orthoclase  floats.  Although  the  specific  gravity  of 
the  plagioclase  corresponds  very  closely  with  that  of  cJbite,  the 
extinctions  on  M-flakes  are  not  quite  equal  to  albite — 15°  to  17° 
as  against  19°.  The  di£ferenoe  is  so  slight  that  in  the  descriptions 
which  follow  the  term  albite^  will  be  used.  The  second  felspar, 
being  slightly  denser  than  orthoclase,  is  probably  rich  in  soda,  and 
may  be  cryptoperthite  or  anorthoclase,  but  the  optical  characters, 
«o  fieir  as  I  have  been  able  to  determine  them,  agree  with  orthoclase, 
and  in  the  absence  of  analyses  I  prefer  to  use  that  term.  Of  the  two 
felspars  albite  is  the  more  abundant 

ijiother  specimen  from  Cnoc  na  Srdine  (3,090)  is  very  similar 
in  general  appearance  to  the  one  just  described,  but  contains  less 
quartz.  Two  felspars  are  recognizable  under  the  microscope,  but 
they  are  more  intimately  intergrown,  and  often  assume  the  character 
of  microperthite.  Both  are  deeply  stained  with  ferric  oxide,  and 
opaque  iron-ore  occurs  as  an  accessory  constituent 

Other  red  rocks  from  the  same  mass  are  true  syenites  without 
quartz,  and  these  sometimes  contain  pseudomorphs  after  nepheline 
with  accessory  melanite  (3,083).  The  felspars  in  these  cases  are 
either  orthoclase  or  microperthite. 

The  more  acid  varieties  of  the  red  rooks  have  affinities  with  the 
nordmarkites  of  Professor  Brogger.  They  resemble  them  in  the 
abundance  of  alkali- felspars  and  in  the  paucity  of  both  quartz  and 
ferro-magnesian  minerals.  When  the  two  felspars  are  intergrown 
mioroperthitically  the  resemblance  is  very  close,  but  when  the  albite 
is  independently  developed  as  idiomorphio  crystals  it  is  not  so  close. 
Taking  the  mass  as  a  whole,  the  alkali-granites  or  quartz-syenites 
appear  to  shade  into  quartzless  syenites,  and  these  again  into 
nepheline-syenites. 

In  the  red  rooks  which  form  the  main  mass  of  Cnoc  na  Sroine  no 
fresh  nepheline  has  been  detected ;  but  a  coai'se-grained  dark -green 
rock  (3,095)  from  the  foot  of  the  north  slope  of  the  mountain 
contains  this  mineral  in  abundance,  and  is,  in  fact,  a  true  nepheline- 
syenite.  The  weathered  surface  is  rough  owing  to  the  more  rapid 
weathering  of  the  nepheline,  which  has  a  dull  green,  waxy 
appearance.  The  alkali-felspar  is  developed  in  flat  tables  with 
conspicuous   development   of    the   clinopinacoid,   and   the   crystals 

*  It  may  be  of  interest  to  mention  that  in  the  mctamorphic  rocks  (albite -schists 
and  gneisses)  I  have  always  found  the  albite  to  give  the  theoretical  extinction  of 
19^  on  M-flakes.  The  mineral  appears  to  be  perfectly  homopfeneous  and  ideally  pure, 
except  as  regards  inclusions.  But  I  have  never  observed  the  theoretical  extinction 
of  19**  in  a  plagioclase  occurring  as  a  normal  constituent  of  an  igneous  rock.  In  the 
case  above  described  the  breadth  of  the  band  in  the  diffusion  column,  the  zonal 
stmcture  seen  in  the  sections,  and  the  slightly  yarying  extinctions  on  the  M-flakos^ 
all  indicate  that  the  mineral  is  not  perfectly  homogeiieo\i&. 
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are  often  twinned  on  the  Carlsbad  plan.  XJhder  the  microBoope 
the  rock  is  seen  to  be  oomposed  of  nepheline  and  alkali-felspar  in 
approximately  equal  proportions.  A  greenish  biotite  and  melanite 
oocar  as  accessory  constituents.  Bo(]^  felspar  and  nepheline  an 
present  as  large  individuals,  measuring  half  an  inch  or  more  across. 
The  occurrence  of  melanite  as  an  accessory  constituent  serves  ta 
emphasize  the  close  relation  between  nepheline  -  syenite  and 
borolanite. 

The  typical  borolanites  have  been  described  in  the  paper  above 
referred  to.  They  are  extensively  developed  to  the  east  of 
Aultnacallagach  in  the  low  ridge  on  the  north-eastern  side  of  the 
road  leading  from  Oykell  Bridge  to  Inchnadampf,  and  ooonr  also 
at  other  points  on  the  borders  of  the  plutonic  mass.  One  specimen 
(3,737)  may  be  briefly  referred  to  as  a  type.  It  is  a  massive  rock 
composed  of  white  patches,  measuring  one-quarter  to  three-quarters 
of  an  inch  across  and  often  polygonal  in  outline,  embedded  in  a  dark, 
almost  black  matrix.  The  white  patches  correspond  to  the  pseudo- 
leucites  described  by  Derby,  Hussak,  and  J.  F.  Williams.  They  are 
composed  mainly  of  orthoclase,  which  is  often  micrographically 
intergrown  with  an  alteration  product  after  nepheline.  Biotite 
and  segirine-augite  occur  sparingly  in  these  patches.  The  matrix 
is  composed  of  orthoclase  and  melanite  with  some  segirine-augite 
and  biotite.  Micrographio  intergrowths  of  orthoclase  and  the 
alteration  product  after  nepheline  are  also  present 

The  rocks  most  nearly  allied  to  these  peculiar  borolanites  are 
unquestionably  the  *  leuoite-syenites  *  from  the  igneous  complex 
of  Magnet  Cove,  Arkansas,  described  by  the  late  J.  F.  Williams/ 
whose  early  death  was  such  a  severe  loss  to  American  petrology. 
Williams  speaks  of  these  and  other  rocks  of  the  complex  as  forming 
dykes ;  but  the  geological  map  of  the  district  accompanying  his 
memoir  clearly  shows  that  they  do  not  occur  as  ordinary  dykes. 
According  to  Dr.  Washington  ^  the  complex  represents  a  laccolite  in 
which  differentiation  has  produced  a  mass  varying  in  composition 
from  a  highly  basic  jacupirangite  at  the  centre  to  foyaite  at  the 
margin.  The  different  types — ^foyaite,  leucite-porphyry,  shonkinite, 
ijolite,  biotite-ijolite,  and  jacupirangite  —  succeed  each  other  in 
concentric  zones  from  the  margin  to  the  centre,  the  rock  most  nearly 
allied  to  borolanite  coming  second  in  the  series,  reckoning  from  the 
outside.  This  rock  is  described  by  Williams  as  "  a  hypidiomorphic 
granular  combination  of  pseudo-leucito,  eleolite,  orthoclase,  and 
basic  silicates,  which  presents  a  more  or  less  perfect  granitic 
structure  and  is  genetically  connected  with  the  eleolite  -  syenite 
dike  rocks."  The  pseudo-leucites  are  composed  mainly  of  orthoclase 
and  nepheline,  as  are  those  of  our  borolanite,  but  they  are  more 
perfect  in  form.  It  must,  however,  be  remembered  that  the  borolanite 
area  has  never  been  searched  for  specimens  showing  the  forms  of 

*  '*  The  Igneous  Rocks  of  Arkansas  "  :  Annual  Report  of  the  Creological  Surrey  oi 
Arkansas  for  1890,  vol.  ii. 

»  "IgneouB  Complei  of  Magnet  Cove"  :  Bull.  Geol.  Soc.  Amer.,  toI.  ii  (1900.^ 
pp.  389-416. 
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leacite.  Those  speoimens  whioh  have  been  oolleoted  frequently 
«how  polygonal  ontlines  strongly  suggestive  of  ioositetrahedra,  and 
it  is  highly  probable  that  more  perfect  forms  will  be  found.  The 
groundmass  of  the  leuoite-syenite  consists  principally  of  eleolite, 
black  garnets,  and  orthoclase.  A  green  pyroxene,  biotite,  and 
sphene  are  also  present  Melanite,  according  to  Williams,  "  is  found 
in  varying  quantities  in  the  di£ferent  specimens.  In  some  it  is  almost 
entirely  wanting,  while  in  others  it  forms  a  very  important  factor. 
It  is  of  a  rich  brown  or  yellowish-brown  colour,  decidedly  zonal 

in  its  structure,  and  isotropic  in  its  optical  properties 

In  some  cases  more  than  half  the  area  inclosed  within  the  boundarie» 
of  the  section  consist  of  melanite  material." 

This  description  leaves  no  doubt  that  those  portions  of  the 
'  leucite-syenite '  of  Magnet  Cove  in  which  melanite  is  most 
abundant  are  practically  identical  with  the  borolanite  of  Assynt 
This  conclusion  is  confirmed  by  a  comparison  of  the  chemical 
analysis  of  the  borolanite  dyke  discovered  by  Mr.  Gunn  with  that 
of  the  rock  described  by  Williams. 

I.  II. 

SiOa  47-8        60-96 

Ala  Oj        201         19-67 
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MgO        11  0-86 
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I.  Borolanite  dyke,  Camas  Eilean  Ghlais.     Analysis  by  Player. 

IT.  *  Leuoite-syenite,'  Magnet  Cove.     Analysis  by  Noyes. 

Another  rock  somewhat  allied  to  borolanite  is  the  ijolite  of 
Bamsay  and  Berghell.*  It  is  essentially  composed  of  nepheline, 
pyroxene,  and  a  titaniferous  melanite  (jiwaarite).' 

In  addition  to  borolanite  there  are  some  other  interesting 
modifications  of  the  syenitio  magma,  apparently  detached  from  the 
main  mass,  near  Ledbeg  at  the  contact  with  the  marble.  One  of 
these  (4,288)  is  a  dense,  dark-green  rock,  composed  of  a  green 
pyroxene  and  orthoclase  or  moire-microcline  with  sphene  as  an 
important  accessory ;  another  (3,088),  also  dark  in  colour,  is 
composed  of  segirine-augite,  orthoclase,  pseudomorphs  after  idio>- 
morphic  nepheline,  and  rich  brown  sphene.  Both  are  augite-syenites, 
one  containing  nepheline  and  the  other  not. 

^  *  "  Die  Gesteine  Ton  Jiwaara  in  Finland  " :  Geol.  Foren.  Stockholm  Forandl.,  xiii, 
(1891),  p.  300. 

'  It  ifl  quite  possible  that  some  Tarietics  of  the  melanite  of  the  borolanite  may  be 
titaniteroos,  bat  in  order  to  prove  this  the  material  analyzed  would  have  to  be  yery 
earef  ullj  examined  under  the  microscope,  as  the  mineTol  \a  uoi  ^oadioo^^^it^^  ^^^^^^ 
with  minute  iDclusions  oi  sphene. 
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The  facts  above  described  clearly  prove  that  we  have  in  the 
platonio  complex  of  Loch  Borolan  a  connected  groap  of  rool» 
formed  by  the  consolidation  of  alkaline  magmas  rich  in  soda.  At 
one  end  of  the  series  is  the  alkali-granite  or  quartz-syenite  forming 
the  main  mass  of  Gnoc  na  Sroine,  and  at  the  other  end  of  the  series 
the  basic  angite-syenite,  nepheline-syenite,  and  borolanite.  The 
basic  varieties  occur  on  the  maigin  and  the  acid  varieties  in  the 
centre.  This  arrangement  is  the  opposite  of  that  oocorring  ii» 
the  igneoas  complex  of  Magnet  Cove. 

To  what  extent  the  di£ferent  rocks  represent  successive  intmsumi^ 
differentiation  in  sit^,  or  the  result  of  a  modification  in  the 
composition  of  the  original  magma  by  the  absorption  of  adjacent 
limestones,  has  not  been  clearly  made  out  It  is  quite  possible  that 
all  three  operations  will  have  to  be  taken  into  account  in  explaining 
the  phenomena  observed.  The  evidence  available  suggests  that  the 
quartz-syenites  shade  into  quartzless  syenites,  and  these  again  into 
nepheline-syenites.  Albite  is  abundant  in  the  most  acid  rocki^ 
either  in  the  form  of  independent  crystals  or  as  microperthitie 
intergrowths  with  orthoclase.  But  as  nepheline  comes  in,  albite 
disappears,  and  in  the  more  perfect  types  of  nepheline-syenite  no 
soda-felspar  is  recognizable.  It  is  clear,  even  without  chemical 
analyses,  that  the  presence  of  nepheline  is  determined  by  the  ratio  of 
silica  to  alumina  to  soda.  With  excess  of  silica  albite  is  formed, 
and  when  there  is  a  deficiency  of  silica  nepheline  is  produced.  In 
the  more  acid  rocks  albite,  or  an  extremely  acid  oligoclase,  shows 
a  strong  tendency  to  idiomorphism,  and  precedes  both  orthoclase  and 
quartz.  In  the  less  acid  varieties  it  frequently  occurs  intimately 
intergrown  with  ortboolase. 

There  is  no  constancy  in  the  order  of  appearance  of  nepheline  and 
orthoclase.  In  some  specimens  idiomorphic  nepheline  occurs  a» 
inclusions  in  large  patches  of  orthoclase  (micropoecilitic  structure), 
in  others  orthoclase  is  idiomorphic  with  respect  to  nepheline,  while 
in  the  pseudo-leucites  and  even  in  the  groundraass  of  certain 
borolanites  the  two  minerals  form  beautiful  micrographic  inter- 
growths. Thus,  nepheline  may  precede  orthoclase,  orthoclase  may 
precede  nepheline,  or  the  two  minerals  may  crystallize  simultaneously. 
Similar  relations  between  alkali  -  felspar  and  nepheline  have  been 
described  by  Professor  Brogger  as  occurring  in  the  laurdalites  of  the 
Christiania  district. 

But  the  series  does  not  end  with  nepheline-syenite.  This  rock 
sometimes  contains  aegirine-augite  and  melanite.  By  an  increase  in 
the  former  it  passes  into  augite-syenite,  and  by  an  increase  in  the 
latter  into  borolanite.  The  borolanites  and  augite- syenites  may  or 
may  not  contain  nepheline. 

The  general  result  of  this  re-examination  of  the  specimens 
collected  at  various  times  from  the  plu tonic  mass  of  Loch  Borolan 
has  been  to  confirm  and  extend  the  conclusion  arrived  at  by 
Mr.  Home  and  myself  as  to  the  relations  between  the  igneous 
rocks  of  Assynt  and  those  of  the  Christiania  district.  Quartz- 
ByeniteB,  syenites,   auglte-syenites,  and  nepheline-syenites  are  all 
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represented  either  in  the  main  mass  or  in  its  immediate  neighbour- 
hood. But  the  resemblanoe  extends  still  further  to  some  of  the 
hjpabyssal  rocks — the  dykes  and  sills.  A  glanoe  at  the  maps 
(Sheets  101  and  107)  will  show  that  the  Cambrian  area  to  the  north 
of  the  plutonio  mass  is  traversed  bj  numerous  sills  and  dykes. 
These  belong  to  two  strongly  marked  types  —  dark  -  coloured 
homblendio  rooks  (camptonites  or  vogesites)  and  light  -  coloured 
felspathio  rocks  (felsites).  A  description  of  the  homblendio  rocks 
has  already  appeared  in  the  pages  of  this  Magazine/  and  they  need 
not  further  be  referred  to  at  present.  A  full  description  of  the 
felsites  must  be  postponed  until  analyses  are  available,  but  one  or 
two  varieties  may  be  briefly  described,  as  they  are  clearly  allied  to 
certain  peculiar  rocks  occurring  in  the  Christiania  district 

The  first  of  these  is  a  dyke  from  Poll  an  Droighinn,  near 
Inohnadampf  (2,324).  The  rock  is  a  pale-green  felsite,  with 
somewhat  obscure  indications  of  porphyritio  felspars  and  decided 
traces  of  parallel  structure.  Under  the  microscope  it  is  seen  to 
be  composed  of  polysynthetic  aggregates,  representing  original 
porphyritio  alkali  -  felspars,  streaks  of  microcry stall  ine  quartz 
(scarce),  and  a  crypto-  or  microcry stalline  felspathio  matrix 
crowded  teith  aeictdar  mierolUes  of  agirine.  Similar  miorolites  occur 
in  the  polysynthetic  aggregates,  as  they  do  in  the  phenocrysts  in 
Professor  Brogger's  grorudite,  but  they  are  far  less  numerous  than 
in  the  matrix,  where  they  are  often  so  thickly  crowded  together 
as  to  form  a  felt-like  mass.  The  larger  microlites  are  green,  but  the 
smaller  ones  are  colourless  ;  both  show  the  characteristic  optic 
characters  of  eegirine  when  isolated  from  the  felspathio  material. 
This  rook  is  a  variety  of  grorudite. 

Another  very  interesting  type  of  felsite,  found  by  Mr.  Peach,  is 
intrusive  in  the  Lewisian  gneiss  in  a  burn  one-quarter  of  a  milo 
north  of  the  top  of  Sgonnan  More  (8,370).  This  consists  of 
numerous  phenocrysts  of  pink  felspar,  usually  giving  rectangular 
sections  and  measuring  about  a  quarter  of  an  inch  across,  embedded 
in  a  compact  light-grey  felsitic  matrix.  Under  the  microscope  the 
phenocrysts  are  seen  to  consist  of  intergrowths  of  albite  and 
orthoclase,  similar  to  those  observed  in  the  plutonio  mass  of 
Cnoc  na  Sroine.  The  ground  mass  is  a  micro-  or  cry  ptocry  stalline 
aggregate  of  alkali-felspar,  containing  a  few  minute,  ragged  prisms 
of  aegirine.  A  little  free  quartz  is  probably  present,  but  cannot 
be  identified  with  certainty  under  the  microscope.  This  rock 
contains  muoh  less  eegirine  than  the  typical  grorudites,  and  in  this 
respect  more  closely  resembles  the  lindoites  of  Professor  Brogger. 

Analyses  of  these  rocks  will  be  made,  and  until  this  has  been 
done  a  further  discussion  of  their  affinities  seems  scarcely  desirable. 
This  much  is  certain.  They  are  composed  mainly  of  alkali -felspar 
with  some  free  quartz  and  SBgirine,  and  they  are  closely  allied  to 
grorudites,  from  which  they  differ  chiefly  in  containing  rather  less 
Bdgirine. 

^  **  Notes  on  Bome  Homblonde- bearing  Rocks  from  Inchnadampf,''  by  J.  J.  H. 
Teall:  Gsol.  Mao.,  1886,  pp.  346-353. 
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The  groradites  of  Professor  Brogger  form  the  aoid  extreme  of 
a  well-defined  rock-series  of  which,  so  far  as  the  Ghristiania  district 
is  concerned,  tinguaite  is  the  basic  extreme.  No  rocks  answering 
to  tinguaites  in  chemical  composition  have  been  found  in  the  north* 
west  of  Scotland.  The  dykes  discovered  by  Mr.  Gann  in  west 
Eoss-shire,  to  which  the  term  borolanite  was  extended,  not  without 
hesitation,  as  melanite  is  far  less  abundant  than  in  typical  borolanite, 
are  composed  mainly  of  nepheline,  orthoolase,  and  seg^irina*  and 
therefore  allied  to  tinguaites  in  mineralogical  oomposition ;  but  the 
rock  analyzed  contains  over  5  per  cent  of  lime — a  fact  whibh  ahnplT 
differentiates  it  from  typical  tinguaites.  Another  point  wUoh 
differentiates  these  dykes  from  tinguaites  is  their  stmotare.  Nephe- 
line, eegirine,  melanite,  and  biotite  occur  as  idiomorphio  oiyatab  in 
large  irregular  patches  of  orthoolase  (micropoeoilitio  alruoCure) 
But  if  these  dykes  do  not  fit  into  the  grorudite-tingaaite  aeriea  tbqr 
correspond  very  well  with  some  of  the  more  basio  memben  of  faa 
plutonic  mass  of  Gnoc  na  Sroine,  with  the  nepheline*  melanite 
syenites,  just  as  the  grorudite-like  rocks  correspond  witb  the  mom 
acid  portions  of  the  same  mass.  It  is  probable,  therefcra,  that 
both  are  aschistic,  in  Professor  Brogger's  sense,  and  that  they 
represent  the  dyke  forms  of  the  magmas  which  gave  rise  to  the 
plutonic  mass. 

In  the  foregoing  account  of  this  small  bat  extremely  interaating 
petrographical  province,  special  emphasis  has  been  laid  on  iti 
relations  to  the  Ghristiania  district ;  but  it  might  equally  well  be 
compared  with  other  districts  in  which  nepheline-syenites  occur. 
Each  of  these  districts  has  its  own  8])ecial  features.  The  occurrence 
of  borolanite  is  a  peculiarity  which  the  district  in  question  shares,  so 
far  as  we  know  at  present,  only  with  that  of  Magnet  Cove. 


II. — Further  Notes  on  PoDOPHTnALMOus  Crustaceans  fbom  the 
Upper  Cretaceous  Formation  of  British  Columbia,  etc 

By  IIeniiy  "Woodward,  LL.D.,   F.R.S.,  F.G.S.,  etc.,  of  the  British  Maseam 

(Natural  Ilistory). 

(PLATES  XV  and  XVI.) 

IN  189G  I  described  some  decapod  Crustaceans  found  in  the 
Cretaceous  formation  of  Vancouver  and  adjacent  islands,  British 
G>luinbia,  which,  with  tlie  approval  of  Dr.  G.  M.  Dawson,  C.M.G., 
F.H.S.,  the  Director,  had  boen  most  kindly  placed  in  my  hands  for 
examination  by  Dr.  J.  F.  Whiteaves,  F.G.S.,  Palasontologist  to  the 
Geological  Survey  of  Canada.  They  were  referred  by  me  to  the 
genera  Callianassa,  JlomohpsiSy  PaUrocorystes,  and  Plagiolophus  (see 
Quart.  Joum.  Geol.  Soc,  189G,  vol.  lii,  pp.  221-228,  with  6  figures). 
From  the  same  source  I  have  since  received  a  further  and  much 
larger  collection  of  specimens  from  the  Nanaimo  and  Comox  Group 
(Upper  Cretaceous).  Like  the  earlier  series,  all  these  Crustaceans 
are  pri'served  in  hard  concretionary  nodules,  which  render  their 
examination  in  detail  often  extremely  difficult  and  disappointing,  as 
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they  split  anevenly  with  a  jagged  fracture,  and  hare  also  a  tendency 
to  divide  up  into  cuhoidal  fragments. 

The  material  which  has  now  been  placed  in  my  hands  may  be 
summarized  thus : — 

No.  1.  One  specimen  of  a  dark  nodule,  split  into  halves 
(3"  X  lf")»  exposing  the  cephalothorax  and  portions  of  the  limbs  of 
a  Crustacean  referred  to  Linupdru$  (PodocraUB)  Vancottverensis  by 
Whiteaves  (PL  XV,  Fig.  1),  described  in  Trans.  Eoy.  Soc.  Canada, 
ser.  II,  vol.  i  (1895-6),  sect  4,  pp.  132  and  133.  Formation :  from 
the  Nanaimo  Group  (Upper  Cretaceous),  Museum  Geol.  Surv.  Canada. 
Locality  :  from  two  miles  up  the  Puntledge  (called  also  the  Comox) 
Eiver,  Vancouver  Island;  collected  by  the  Rev.  G.  W.  Taylor,  1889. 

No.  3  (labelled  also  58  in  white  paint).  A  large  dark  nodule, 
split  in  halves  (6f"  x  3f'0>  exposing  the  dorsal  aspect  of  a  second 
specimen  of  Linupdrus  (P.)  Vancouverensis,  W.,  showing  the  cephalo- 
thorax and  a  portion  of  the  base  of  the  left  antenna.  The  three 
characteristic  longitudinal  ridges,  the  small  central  pear-shaped 
area  in  front  of  the  neck-furrow  on  the  carapace,  and  five  of  the 
abdominal  segments  can  also  be  seen  (Trans.  Roy.  Soc.  Canada, 
op.  cit.).  Formation  :  Upper  Cretaceous.  Locality :  Hornby  Island ; 
coll.  by  W.  Harvey,  1893. 

No.  4.  A  long,  dark,  and  rather  cylindrical  nodule  (6 J"  X  2J"), 
split  in  halves  and  also  broken  across  transversely,  exposing  the 
interior  of  the  cephalothorax  and  five  segments  of  the  abdomen  of 
Zinupdrus  (P.)  VancouverensiSf  W.  (PL  XV,  Fig.  3).  The  upper 
surface  of  the  carapace  is  not  preserved,  but  the  bases  of  the 
mandibles  (m.)  are  exposed,  the  monodaotylous  walking- legs,  and 
the  bases  of  the  antennules.  The  epimeral  portions  of  the  abdominal 
segments  are  serrated  behind,  and  bear  small  tubercles  on  the 
surface.  Formation  :  Upper  Cretaceous.  Locality  :  Comox  River, 
Vancouver  Island ;  coll.  by  J.  B.  Bennett,  1895. 

No.  6.  Half  of  a  nodule  only  (7"  x  4|"),  containing  an  obscurely 
preserved  Crustacean,  Linupurus  {P.)  Vancoiiverensis,  showing 
characteristic  traces  of  the  carapace  and  limbs  and  the  nearly  entire 
abdomen,  including  remains  of  the  caudal  appendages.  The  posterior 
borders  of  the  epimera  are  spinous.  The  right  antenna  is  preserved 
for  a  length  of  2 J  inches.  Formation :  Upper  Cretaceous.  Locality  : 
Hornby  Island ;  coll.  by  W.  Harvey,  1895.  (Specimen  also  marked 
No.  1  in  ink.) 

No.  55  a  and  h.  Two  sides  of  a  dark  egg-shaped  nodule  split 
open  (4^"  x  3§"),  exposing  the  dorsal  aspect  of  a  specimen  of 
Linuparus  (P.)  Vancouverensis,  W.  (PI.  XV,  Fig.  2),  showing  the 
carapace  and  the  five  abdominal  segments,  also  the  remains  of  the 
caudal  appendages  and  the  thoracic  limbs.  The  three  characteristic 
ridges  are  well  seen,  also  the  cervical  furrow,  with  its  pear-shaped 
tuberculated  area  just  in  front.  Formation:  Upper  Cretaceous. 
Locality  :  Hornby  Island;  coll.  by  Mr.  Robbins  in  1896,  Provincial 
Museum,  Victoria,  British  Columbia. 

A  few  additional  specimens  from  the  same  series  are  referred  to 
later  on. 


NoTBS  OK  TBK  Gbkd8  Linuparvs,  A.  White,  1817. 

3«fiR«  ptoooeding  forUur  it  ■ 

iMoa  the  nomeiu^fttora  of  tUi  gaona,  whldi,  Uk»'tt«  wmi&MM 

OWnting  it,  hu  gnatlv  inovMed  ud  baqoiiw  ■flwwHhit  mb- 

Jn.  leU  Dr.  WbitMVea  flnt  Mlleil  attenlioa  to  these  iDterestiiig 
^Uttniidi  in  tiw  ^J^wMMltloiw  of  the  Boj^al  Society  of  CaDsila 
Mi  li,  •90L  4^  vp.  28T,  2S8)  under  the  proviaiooal  generic  D&iua 
^  AlfrbjMWa  (9),  with  th«  ■psotGo  ilesigQation  of  Canadeimg  for 
lie  tSicm  than  nndn  dImiMioii,  obtained  from  the  Ciet&oeoos  of 
n^iwood  Bim,  » tribntatr  of  th«  Bow  Bivai. 

Thia  fiwtQ  WM  i^als  dMoibed  ^  Dr.  WUtMnrct  (1«  t886> 
ipider  the  iMine  of  Bopteparia  (f )  vimadaula  in  *  Odqtmrtfau 
to  Ouutdian  PalMmtoIfigy,"  IBM,  toL  1,  p^  67t«9.  whm  tt  k 
flnred  fat  the  firrt  time  (i^  si).  It  nmire  IhnI  aoMe  tbm 
MerwniB  (1890)  Dr.  a  SohltUsr,  <rf  Bonn,  stated  thit  die  aa-ddltd 
Befloparia  (t)  dimadtmaU  waa  eloaely  altlad,  IT  not  IdMled  wHfe, 
Me  Podemitn  DaliwMaiJt,  a  name  propoaed  hj  Baofee  (wHnrt 
deaoriptioQ),  bat  doMsribed  ftdlv  br  Dr.  SaUUter  In  IMS  fla  A» 
Ze«i(£.  der  DentMdi.  QeoL  GeaeUMdt..  zt,  pp.  TlO-n^  ti£  xO). 
niU  genu  PedoerolM  waa  alio  adopted  by  Fritaoh  ft  B^afln  m- 
Uielr  "  Oruataoea  Bfihm.  Krmdform.,"  pp.  W,  21,  tat  ifi^  flga.  1  and  S 
«ad  taxt-fig.  44,  Pngna,  1687. 

In  1896  Dr.  J.  F.  WhiteaTea  added  »  new  ipeoiea  of  Onteoaooa 
Falinarid  to  the  eeriea  of  Omitaoeana  already  reoorded  by  him  from 
the  OretaoeonB  of  Tanoonver  (Proo.  and  Tnuis.  Boy.  Soo.  Canada, 
■er.  II,  Tol.  i,  leot.  4,  pp.  132,  133),  under  the  name  of  Podoerata 
Taneouverensii,  thaa  scoepting  and  ooknowledging  the  oorreotaeee  of 
Dr.  Schliiter's  eailier  determinatioQ  in  1862. 

Two  yean  later,  Dr.  A.  E.  Ortmann  described  a  new  gpeciee 
of  Palinurid,  from  the  Upper  Cretaoeoue  of  Dakota,  under  the 
gooerio  Dame  of  Linuparut,  Gray  (1647),  a  monotypio  genna  oon- 
taining  only  the  single  living  Japanese  species  PatinwuM  triyoitM*  of 
De  Haan  (see  De  Haan,  in  Siebold's  "Fauna  Japonioa,"  Cnistaoea, 
1841,  p.  157,  pis.  xxxix  and  xl).  This  genus  linupanu,^  attributed 
to  Dr.  John  Edward  Gray  ("List  of  Omstaoea  in  the  British 
Museum,"  p.  70),  as  pointed  oat  by  the  Bev.  T.  R.  B.  Stobbiog,  F.B.S. 
("  A  Histoiy  of  Crustacea,"  1893,  p.  197),  (spelt  by  him  Lim^Tu), 
la  not  Dr.  Gray's  name,  but  was  given  by  Adam  White  in  1847 ; 
"the  oharaoters  of  the  new  genus  being  left  to  be  inferred  from  the 
known  speoies  (as  described  by  De  Haan),  a  very  alovenly  method 
of  definition  which  is  rauoh  to  be  depreoated  "  (Stebbing^  op.  oit.). 

LiNnriKDS  Vahoouvirknbib,  Whiteaves,  sp.  (PI.  XY,  Figa.  1-3.) 
IS4I.  PaUiturut  IrifoHiu,  De  Haan,  Famu  Jan.  Cnutaeea,  p.  lOT,  id*.  ^XMi,  iL 
1B47.  LinupartH  Ingonut,  Wbil«  (gen.  emend.).  Lilt  Cnutacea  Bnt  Hn*.,  p.  70- 
ISfiT.  T/unept,  Beil,  Fobs.  Ualacoit.  Oruat.,  pp.  B3,  3*,  pi.  vii :  nl  Soc. 
Moo.,  18S7. 
■  Thia  name  is  an  anagram  on  Fabiidas'a  geniu  Palintma,  from  vhioh  Limfona 
was  separated  bf  Adam  While,  the  real  aathot  of  the  "List  of  Cmstaon  in  Ihs 
Sritiah  Museiuu,'^'  ia47. 
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1662.    Ppd§erate8    (Beoki,  nom.  niid.)»  Schluter,  Zeitsch.    der   Deatsch.  G«ol. 

6e6ell8ch.,  xiv,  1862,  pp.  710-716,  taf.  xii. 
1887.    Fodoeratet,  Fritsch  &  Kafka,  Crust.  Bohm.  Ereidform.,  pp.  20,  21,  taf.  iu» 

figs.  1  and  2  and  text-fie.  44. 
1893.    Lmt^ris  {ne)f  Stebbing,  Hist.  Crustacea,  p.  197. 

1896.  FiDdocratet,  Whiteares,  Trans,  and  Proc.  Koy.  Soc.  Canada,  1895,  ser.  zi». 

Tol.  i,  sect.  4,  pp.  132,  133. 

1897.  JAnuparutf  Ortmann,  Amer.  Joom.  ScL,   ser.  it,  toI.  It,  pp.  290-297» 

figs.  1-4  in  text. 

At  the  meeting  of  the  Bojal  Society  of  Oanada,  May,  1895» 
Dr.  J.  F.  Whiteaves  gave  descriptioni  of  the  fossils  from  the 
Nanaimo  group  of  the  Vancouver  Cretaceous  series,  and  among 
others  described  a  new  species  of  Crustacean,  of  which  description 
I  subjoin  a  copy. 

LmuPABUS  (PoDOOBATEs)  Vanoouykbeksis,  WhiteaYcs,  sp. 

''Carapace  flattened,  rectangular,  longer  than  broad,  marked  by 
three  low  angular  tuberculous  or  spinose  longitudinal  ridges,  one 
in  the  median  line  and  one  near  each  of  the  lateral  margins,  and 
divided  at  about  one-third  the  distance  from  the  front  by  an  obtusely 
subangular  ceryical  groove,  which  is  rather  broad  but  not  very  deep. 
On  the  anterior  portion  or  cephalic  arch  the  lateral  longitudinal 
ridges  are  well  developed,  and  armed  with  larger  and  more  spinose 
tubercles  than  those  on  the  corresponding  ridges  of  the  posterior 
portion,  one  a  little  behind  the  mid-length  on  each  ridge  being 
larger  than  any  of  the  others,  but  the  central  ridge  is  obsolete.  In 
its  place,  just  in  advance  of  the  cervical  groove,  there  is  an  ovate 
lanceolate  or  narrowly  spear-shaped  area,  which  is  elevated  at  the 
pointed  end  anteriorly,  sballowly  depressed  posteriorly,  and  margined 
with  a  single  row  of  small  tubercles.  Immediately  in  front  of  this 
area  there  is  a  pointed  or  spinose  tubercle,  almost  in  a  line  with 
the  largest  tubercle  on  each  of  the  lateral  ridges,  and  still  farther 
forward  there  are  two  similar  tubercles  at  a  short  distance  from  the 
anterior  margin  and  about  seven  millimetres  apart.  On  the  posterior 
portion,  or  scapular  arch,  the  three  longitudinal  ridges  are  minutely 
tuberculated,  and  extend  from  the  posterior  margin  to  the  cervical 
groove,  where  they  each  terminate  in  a  pointed  tubercle  larger  than 
any  of  the  rest,  but  the  central  ridge  is  shorter  than  either  of  the 
two  lateral  ridges.  Anterolateral  angles  of  the  carapace  each  armed 
with  a  nearly  straight  but  slightly  divergent  spine.  Kostrum, 
central  portion  of  the  anterior  margin,  and  position  of  the  eyes 
unknown.  External  antennsB  broad  and  flattened  at  their  bases, 
inner  antennas  cylindrical  at  theirs.  Walking  feet  slender,  as  is 
usual  in  the  genus.  In  addition  to  the  spines  and  tubercles  on  the 
lateral  ridges  and  elsewhere,  as  already  described,  the  whole  of  the 
upper  surface  of  the  carapace  is  minutely  granulose  and  apparently 
setose,  numbers  of  minute  objects,  which  seem  to  be  detached  setas, 
being  plainly  visible  under  an  ordinary  lens." 

**Two  miles  up  the  Puntledge  Kiver,  Vancouver  Island,  Kev.  G.  W. 
Taylor,  1889 :  a  good  specimen  of  the  carapace,  with  the  rostrum 
and  a  small  piece  of  the  anterior  broken  off,  but  wvtVi  Cj(^\i%v^^\^V'^ 
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portions  of  the  ambulatory  feet  and  the  bases  of  the  inner  and  outer 
antennee  preserved.  This  interesting  fossil  is  now  in  the  Museum 
of  the  Geological  Survey  of  Canada.     [See  PI.  XV,  Fig.  1.] 

[No.  3.]  «  Hornby  Island,  W.  Harvey,  1893 :  a  lees  perfectly 
preserved  specimen,  showing  most  of  the  carapace  (but  not  the 
rostrum),  portions  of  the  ambulatory  feet,  and  the  dorsal  aspect  of 
five  segments  of  the  abdomen  (their  margins  were  denticulated). 

**  In  1884  (Trans.  Roy.  Soc.  Canada)  the  writer  [Dr.  J.  F.  Whiteaves] 
described  a  long-tailed  decapod  crustacean  from  the  Oretaceoos  rooks 
at  the  Bighwood  Biver  in  Alberta,  under  the  provisional  name 
IToploparia  (?)  Canadensis.  Dr.  G.  Schliiter,  of  Bonn,  Germany, 
in  a  letter  dated  February  20,  1890,  expresses  the  opinion,  whicfti 
appears  to  be  well  founded,  that  this  species,  which  is  figured  on 
plate  ii  of  the  first  part  of  the  first  volume  of  '  ContribntionB  to 
Oanadian  Palsdontology,'  is  a  Fodocrates,  closely  allied  to,  if  not 
identical  with,  the  F,  IHllmensis  of  Becks.  F,  Vancouveren$i$  seems 
to  di£fer  from  that  species  in  the  much  smaller  proportionate  sise  of 
the  tubercles  on  the  three  longitudinal  ridges  on  its  carapace, 
especially  posteriorly,  and  in  the  different  arrangement  of  the 
-distant  spinose  tubercles  on  the  anterior  moiety  of  its  cephalic  aroh.'* 

The  publication  of  Dr.  Ortmann's  paper  (American  Journal  of 
Science,  ser.  rv,  voL  iv,  1897,  pp.  290-297,  figs.  1-4)  makes  ns 
acquainted  with  another  species  of  Palinurid,  which  he  names 
Linuparus  atavus,  from  the  Upper  Cretaceous  of  Cotton  Wood 
Oreek,  Mead  Co.,  South  Dakota. 

There  is  no  doubt  that  this  form  is  closely  related  generioaUv 
with  F,  CanadensiSy  F.  VancouverensiSy  Whiteaves,  and  also  with 
P.  Dulmenensis,  Schliiter,  and  that  for  all  these  species  Adam  White's 
genus  Linuparus  (1847)  takes  priority  over  the  other  genera  to 
which  they  have  heretofore  been  referred  by  various  authors. 

Formation  :  Upper  Cretaceous. 

Locality  :  Puntledge  or  Comox  Eiver  (Fig.  1),  Hornby  Island 
(Fig.  2),  Comox  River  (Fig.  3),  British  Columbia. 

In  the  "  Contributions  to  Canadian  Palaeontology "  for  1885, 
vol.  i,  pp.  87-89,  pi.  xi,  Dr.  J.  F.  Whiteaves,  F.G.S.,  published  the 
following  description  of  F,  Canadensis y  a  decapod  Crustacean  from 
the  Upper  Cretaceous  of  Highwood  River,  Alberta,  N.W.T,,  which 
we  here  reproduce  : — 

Linuparus  (Podocraths)  Canadensis,  Whiteaves,  sp. 

Hophparia  (?)  Canadvuhisy  Whiteaves,  1884.* 

**  The  fossil,  which  it  is  the  more  immediate  object  of  this  paper 
to  describe,  is  a  rather  remarkable  example  of  a  macrourous  decapod 
crustacean,  collected  by  Mr.  R.  G.  McConnell  in  1882  from  the 
Cretaceous  sbales  of  the  Highwood  River,  a  tributary  of  the  Bow, 
ten  miles  west  of  the  first  fork. 

*'  The   specimen   originally   consisted   of  an   elongate  -  oval   and 

1  Trans.  Roy.  Soc.  Canada,  vol.  ii  (1884),  sect.  4,  pp.  237,  238. 
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flattened  conoretionary  nodule  of  soft  argillite,  with  a  small  pieoe 
broken  oS  from  one  end,  but  enough  of  the  matrix  has  been 
removed  to  show  most  of  the  carapace  and  the  upper  surface  of 
a  few  of  the  abdominal  segments.  The  anterior  extremity  of  the 
carapaoOy  with  the  rostrum,  is  unfortunately  not  preserved,  and  the 
tail,  with  some  of  the  posterior  abdominal  segments,  was  broken  off 
when  the  nodule  was  found.  The  ambulatory  feet  are  preserved, 
but  it  was  found  to  be  scarcely  possible  to  remove  the  soft  shale 
from  around  them  without  running  the  risk  of  spoiling  the  specimen. 

'*  The  carapace,  like  that  of  most  of  the  maoroura,  is  elongated  and 
comparatively  narrow,  with  nearly  parallel  sides,  and,  when  perfect, 
its  length  must  have  been  about  twice  as  great  as  its  breadth. 
A  little  in  advance  of  the  mid-length  a  single,  broadly  V-shaped, 
deep,  and  rather  wide  cervical  furrow  crosses  the  carapace  trans- 
versely. The  posterior  half  of  the  carapace  is  depressed  and  rather 
distinctly  three-keeled  in  a  longitudinal  direction.  In  the  specimen 
collected  by  Mr.  McConnell  a  central  keel,  or  narrow  but  prominent 
raised  ridge,  about  three  times  as  broad  posteriorly  as  it  is  anteriorly^ 
and  which  is  bounded  on  each  side  by  a  deep  and  angular  furrow, 
extends  from  the  posterior  end  of  the  carapace  to  the  centre  of  the 
V-shaped  (cervical)  groove  which  transverses  it.  This  central  keel 
is  much  more  strongly  marked  than  the  broad  and  comparatively 
obtuse  lateral  keels  near  the  outer  margin  of  each  side.  The  surface 
of  the  posterior  half  of  the  carapace  (and  perhaps  that  of  the 
anterior  also)  is  covered  with  rather  distant,  small,  isolated  conical 
tubercles,  which  occasionally  are  surrounded  by  a  minute  annulus  at 
the  base;  and  the  three  keels  each  have  a  single  series  of  larger 
conical  tubercles,  whose  pointed  apices  are  directed  forward. 

"  In  front  of  the  transverse  and  V-shaped  (cervical)  furrow  the 
carapace  is  very  badly  preserved,  and  the  anterior  margin  with  the 
rostrum  is  broken  oflf.  The  two  lateral  and  tuberculated  keels 
appear  to  be  prolonged  to  within  a  short  distance  of  the  front 
margin  of  the  carapace,  though  they  are  somewhat  less  distinct  in 
front  of  the  (cervical)  furrow  than  they  are  behind  it.  On  the 
anterior  side  of  the  furrow  the  central  keel  is  absent,  and  the  median 
portion  of  this  part  of  the  carapace  bears  a  number  of  comparatively 
large  and  prominent,  distinct  and  conical  tubercles,  which  are  some- 
what peculiarly  arranged.  Next  to  the  furrow,  and  in  advance  of  it, 
in  the  median  line,  there  are  five  tubercles  arranged  in  two  con- 
vergent rows  of  two  pairs  and  an  odd  one,  which,  if  connected  by 
lines,  would  have  much  the  shape  of  an  isosceles  triangle,  with  its 
base  near  to  the  furrow.  Between  the  space  bounded  by  these 
five  tubercles  and  each  lateral  keel  there  is  a  shallow,  concave,  and 
rather  broad  depression  of  the  carapace.  In  front  of  these  five 
tubercles,  again,  there  are  four  others  and  still  larger  ones  (the  two 
anterior  ones  apparently  of  considerable  size),  arranged  somewhat  in 
the  form  of  a  square,  any  of  whose  sides  would  be  greater  than  the 
base  of  the  isosceles  triangle  indicated  by  the  other  five. 

"The  upper  surface  of  each  of  the  abdominal  segments   bears 
a  tubercle  in  the  centre,  on  its  anterior  edge,  and  aTio^i)Ckfix  Wi*^  w\.  ^^'^ 
mar^  of  each  of  the  sides.     The  most  ]fTOiix\xi«iiL\.  dci^x^^^^^^'^^'^ 
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lof  the  spedet,  in  &Bt»  is  fhe  poMesrioii  of  thxee  widoly  diilait» 
loiigitadinal»  and  tnbaronlated  kada,  irhkh  aztand  over  naailj  Am 
<whde  length  of  the  upper  anrfaoe  of  the  hody.**  •  .  •  • 
.  "Judging  }ay  the  inTertehrate  foaaQa  alone,  it  would  aeem  jMofaabla 
that  the  friable  and  fissile  shalea  at  Hill  Creek,  which  hola  igrpiesl 
ezamplea  of  Inotnamiu  yriM$matieiu^  maj  represent  the  '  Niooiaa 
Group '  of  the  Upper  Missouri  section.  On  similar  eTidenoe»  alsob 
the  rooks  of  the  two  localities  on  the  Waterton  BiTsr,  whidi  haie 
yielded  respeotiTely  (hbrea  eang€$ia  and  Volnieerammt  ^mogffroUm; 
those  at  the  Highwood  Biver,  whidi  contain  AtoMrosiw  vmMMuhf 
and  ScapKtu  Warrmn;  those  on  the  north-west  branch  of  the 
north  fork  of  the  Old  ISmu.  Biver,  from  whidi  Jaoaaraaiw  wtMbmndwM, 
fholadamiya  papmraeea,  8eaphUe9  TFarrsm,  and  S.  esratyorsui  wars 
collected;  and  those  at  the  entrance  to  the  North  Kootaiue  FssSi 
which  are  characterised  bv  Volvieerawui§  eacogfrmdeB,  BcnMlm 
Warrem,  and  8.  vermtfarmtB,  would  appear  to  be  aa  neany  as 
possible  the  Canadian  equivalents  of  the  'Fort  Benton  Ghroopw' 

"  In  oonolnsion,  it  may  be  remarked  that  the  inTertebnSie  fama 
of  the  '  Belly  Biver  Series '  seems  to  be  essentially  the  aame  as 
that  of  the '  Laramie '  of  the  United  States  and  Canada,  unleaa  men 
than  one  formation  has  been  confounded  under  the  latter  name^  and 
that  it  is  at  present  scarcely  possible  to  semrate  the  'Lower  Dark 
Shales '  of  "Dr.  Dawson's  Bt>w  and  !Belly  BiTor  Beport  fix>m  the 
'Fort  Pierre  and  Fox  Hills'  Groups  on  purely  pabsontologiaal 
grounds."  * 

Additional  note  on  Linup&ruB  Canadenaii  (PL  XYI,  Fig.  1),  by 
H.  Woodward.— No.  55  e.  One  half  of  a  dark  nodule  (6J"  x  4"), 
exposing  the  under  side  of  a  large  Crustacean,  showing  the  five 
sternites  and  the  bases  of  the  thoracic  limbs.  I  have  referred  this 
specimen  to  Dr.  Whiteayes'  species  L,  Canadensis,  with  which  it 
agrees  in  size,  being  one  of  the  largest  specimens  of  the  fossil 
Palinurids  from  this  locality. 

It  exhibits  the  under  surface  of  the  cephalothorax,  with  the 
sterna  and  the  basal  joints  and  portions  of  the  five  pairs  of 
ambulatory  appendages,  one  or  more  being  nearly  complete.  The 
sternum  forms  a  rather  broad  and  somewhat  triangular  area,  in 
front  of  which  the  mandibles  and  the  labrum  are  seen,  with  the 
spinous  stout  basal  joints  of  the  long  stiflf  antenna).  There  are  also 
traces  of  the  antennules  visible. 

Each  stemite,  carrying  the  thoracic  limbs,  is  ornamented  with 
a  pair  of  rounded,  sub-central  tubercles,  except  the  first,  which  has 
only  a  single  central  one. 

Upper  Cretaceous :  Hornby  Island ;  collected  by  Mr.  Bobbins, 
preserved  in  the  Provincial  Museum  at  Victoria,  B.C. 

Here  I  would  also  place  a  second  specimen,  preserved  in  a  half 
nodule,  No.  7  (marked  2  in  ink),  which  I  refer  to  L,  Canadensis. 
The  half  nodule  measures  6"  x  4",  and  displays  one  of  the  large 
antennas  and  five  of  the  walking-legs  very  well  preserved.    The 

1  Added  from  Dr.  WhiteaToa'  Contanb.  Oanad.  Palfloont.,  toI.  i  (1886),  p.  8^. 
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furface  of  the  appendages  ii  rugose.    Three  of  the  body-segmentt 
can  be  seen.    Locality  :  Hornby  Island  ;  W.  Harvey,  1 895. 

Althongh  not  refigured,  it  seems  desirable,  in  order  to  complete 
this  record,  to  reproduce  Dr.  WhiteaYes'  description  of  this  additional 
'Cretaceous  form. 

"Pal«A8taous  (?)  OBNATUS,  Wbitcaves. 

PalaoMtaeut  {?\  omata,  TVliitoaTes,  1887,  Geol.  and  Nat.  Hist.  Sorr.  Can.  Ann. 

Rep.,  U.S.,  Tol.  ii,  p.  161  £. 
PakBostactu  (?)  omata^  AVhiteaves,  1889,  Contrib.  Canad.  Palffiont.,  vol.  i,  pt.  ii, 

p.  183,  pi.  xxY,  fig.  3. 

"  The  foregoing  was  suggested  as  a  provisional  name  for  a  rather 
remarkable  specimen  of  a  roacrouran  decapod  which  evidently 
belongs  to  the  family  Astacomorpha  of  Zittel  [1885].  Of  Cretaceous 
representatives  of  this  family  it  seems  to  come  nearest  to  such 
genera  as  Palaastacus  and  Hoploparia,  though  it  differs  from  each 
in  some  important  particulars.  In  many  respects  it  appears  to  the 
writer  to  be  still  more  nearly  related  to  the  recent  fresh-water 
genera  Astacw  and  CambaruSy  but  there  is  good  reason  for  supposing 
that  it  will  eventually  prove  to  be  the  representative  of  a  new 
generic  type,  which  at  present  there  is  not  sufficient  material  to 
define  satisfactorily. 

*' Nearly  the  whole  of  the  under  surface  of  the  cephalothorax  of  the 
specimen  is  buried  in  the  matrix,  the  front  margin  of  the  carapace  is 
very  imperfect,  the  caudal  plates,  as  well  as  the  under  part  of  the 
five  abdominal  segments,  are  broken  off,  and  only  small  portions  of 
the  chelaa  and  of  the  other  ambulatory  legs  are  preserved  or  exposed. 

"  The  carapace  is  moderately  convex  and  slightly  depressed,  and 
not  quite  twice  as  long  as  broad.  It  is  divided  into  two  nearly 
equal  parts  by  a  single,  well-marked,  and  deeply  impressed  cervical 
furrow,  which  is  arched  forward  in  a  shallow,  concave  curve. 
Behind  this  furrow  the  lateral  margins  of  the  carapace  are  slightly 
expanded,  the  branchial  region  is  moderately  inflated,  and  the 
posterior  margin  is  slightly  concave  in  the  middle.  A  short  distance 
in  advance  of  the  cervical  furrow,  on  the  outer  and  lower  portion  of 
the  carapace,  on  each  side,  there  is  a  very  short  and  transverse  groove 
or  narrow  constriction,  which  may  possibly  be  confluent  with  the 
neck-furrow  on  the  strongly  curved  lateral  margins  of  this  part  of 
the  carapace.  The  exact  outline  of  the  anterior  margin  of  the 
carapace  cannot  be  ascertained,  and  the  tip  of  the  rostrum  is  broken 
off.  The  basal  portion  which  remains  is  about  seven  or  eight  milli- 
metres long.  At  the  base  it  measures  5  mm.  in  breadth,  and  at  the 
broken  anterior  extremity  its  breadth  is  2  ram.  Its  outer  margins 
are  defined  by  two  linear  and  acute,  tuberculated,  and  raised  longi- 
tudinal ridges,  between  which  the  surface  is  smooth  and  concavely 
excavated. 

"  The  whole  of  the  outer  surface  of  the  carapace  is  ornamented 
by  rather  distant,  isolated  tubercles.  In  its  posterior  moiety  these 
tubercles  are  somewhat  irregularly  disposed,  though  there  is  a  low, 
very  narrow,  and  rather  inconspicuous  keel  on  the  medlar.  Ivwa^  q.\\. 
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either  side  of  which  the  oardiao  region  is  oomparatiYely  smooth.  On 
the  anterior  portion  of  the  oarapaoe  the  tubercles  are  grouped 
somewhat  obscurely  in  two  or  three  longitudinal  rows  on  both 
sides  of  the  narrow  median  keel,  whioh  is  oontinaed  with  greater 
or  less  distinctness  np  to  the  oommenoement  of  the  rostmm. 

**  The  anterior  chelss  appear  to  have  been  short  and  xobast,  while 
their  surface  is  distinctly  tuberculated.  The  portions  of  the  posterior 
ambulatory  legs  that  happen  to  be  preserved,  on  the  other  hand, 
are  very  slender,  and  their  surface  is  minutely  granulated.  Tlie 
abdominal  segments  are  badly  preserved,  but  their  outer  surface 
seems  to  have  been  smooth,  though  a  narrow  median  keel  can  be 
traced  throughout  the  greater  part  of  their  dorsal  snrfaoe. 

'*  Locality :  Sounding  Creek,  Township  30,  Bange  8 ;  west  of  the 
4th  Principal  Meridian,  1886. 

'*  At  the  same  locality  and  date,  five  detached  chelsd,  apparently  of 
a  second  species  of  decapod  Crustacean,  were  collected  in  as  many 
concretionary  nodules.  These  claws  resemble  those  of  P.  omatug 
in  the  comparative  shortness  and  robustness  of  their  terminal 
segments,  but  the  outer  surface  of  the  latter  is  finely  granulated 
rather  than  coarsely  tuberculated." 

Ebtma  Dawsoni,  H.  Woodw.,  sp.  nov.     (PL  XVI,  Fig.  2.) 

Among  the  specimens  which  form  a  second  oolleotion  sent  by 
Dr.  J.  F.  Whiteaves  (24th  September,  1898)  from  the  Geological 
Survey  of  Canada,  is  the  half  of  a  nodule  eontaining  an  Astacidean 
from  the  Upper  Cretaceous  of  the  north-east  side  of  Hornby  Island, 
British  Columbia,  collectod  by  Mr.  J.  B.  Bennett  in  1898  (No.  5od). 

The  Crustacean  is  seen  in  profile  on  the  split  surface  of  a  nodule, 
and  exhibits  the  cephalothorax,  with  its  stout  pair  of  chelate  limbs 
(or  forceps)  attached,  and  the  remains  of  the  four  pairs  of  succeeding 
ambulatory  legs,  tlie  six  abdominal  somites,  and  the  telson,  but 
the  lateral  lobe  of  the  tail-fin  was  probably  preserved  in  the  other 
half  of  the  nodule  not  sent.  The  branchiostegite  (covering  the 
branchiae)  is  broad  and  tumid,  and  the  branchiocardiac  groove  is 
strongly  marked.  Starting  from  the  median  dorsal  line  as  a  V-shaped 
furrow,  about  12  millimetres  from  the  posterior  border,  it  bends 
rapidly  forward,  becoming  deeper  on  each  side,  and  reaches  the 
lateral  border  24  mm.  in  advance  ;  here  it  unites,  close  to  tLe 
hepatic  lobe,  with  the  equally  deep  but  more  transverse  cervical 
furrow,  which  crosses  the  carapace  10  mm.  nearer  to  the  front. 
In  advance  of  the  cervical  groove  the  postcrbital  ridge  and  spine 
can  be  seen,  also  the  base  of  one  of  the  antennules,  with  part 
of  one  of  its  flagella,  bencatli  the  somewhat  short  rostrum,  and 
lower  down  the  base  of  one  of  the  outer  and  larger  antenna\ 
Tlie  surface  of  the  branchiostegite  is  marked  by  numerous  small 
tubercles  scattered  irre<j;ularly  over  the  surface.  The  branchial, 
cardiac,  and  hepatic  regions  are  also  similarly  tuberculated,  and 
very  tumid.  Length  of  carapace  48  mm.,  depth  of  side  25  mm. 
The  ambulatory  limbs  are  fairly  long  and  slender ;  the  chelate 
Jimbfi  measure   about  GO  mm.  iu  leng^th ;    length   of  penultimate 


Geol  M»^.1900. 


DecaasIV-VolVIIPlXVl 


Dr»  C.  TT.  Andrews — Ibssil  Mammalia  from  Egypt      401 

>int  35  mm.,  breadth  15  mm.,  length  of  ultimate  joint  20  mm. 
"he  fingers  are  long  and  slender,  the  inner  edge  of  the  forceps 
eing  denticulated;  wrist  6mm.  long  by  10mm.  broad.  The 
pimeral  border  of  each  abdominal  segment  is  falcate  in  contour. 

The  general  form  and  details  of  this  Crustacean,  so  far  aa 
reserved,  clearly  mark  its  place  among  the  Astacidea,  or  under 
le  Astacomorpha  (as  defined  by  Huxley,  1881),  and  I  would 
iiggest  that  Oppel's  name  of  Eryma  is  appropriate  for  it,  seeing  that 
;  agrees  very  closely  in  the  divisions  of  its  carapace  and  its  tuberoa- 
ited  surface,  in  the  antennaa,  the  form  of  the  first  pair  of  forcipated 
belse,  and  the  proportions  of  its  abdomen,  with  E,  Perroni  and  other 
urassic  species. 

Oppel  observes^  that  no  examples  of  the  genus  Eryma  have  been 
)und  in  rocks  younger  than  the  Jurassic,  and  that  the  Astaoid»  of 
le  Chalk  are  placed  in  McCoy's  genera  Hoploparia  and  EnoplO' 
lyUa,  but  in  this  instance  the  form  in  question  agrees  much  more 
losely  with  Oppel's  genus  Eryma  than  with  other  forms.  I  therefore 
ropose  to  relegate  it  to  that  genus,  and  to  designate  it  by  the  specific 
ame  of  Datosoni,  in  honour  of  Dr.  G.  M.  Dawson,  C.B.,  F.B.S.,  the 
minent  Director  of  the  Geological  Survey  of  Canada,  who  has  done 
ach  splendid  work  in  the  field  in  mapping  the  geology  of  British 
blumbia. 

EXPLANATION  OF  PLATES  XV  AND  XVI. 
(All  from  the  Upper  Cretaceous  formation,  and  drawn  of  the  natural  size.) 

Platb  XV. 

lo.  1.  Linuparus    VatieouverensiSj  "NVhiteaves.      Dorsal  aspect  of  cephalothorax, 

showing  some  of    the  ambulatory   legs.      Puntledge  or  Comox   Riyer, 

Vancouver  lahmd,  British  Columbia, 
,,     2.  LinuparuB    Vancounrensis.      Hornby   Island.      Shows    cephalothorax  and 

abdomen  united  and  smaller  walking  limbs. 
,     3.  Linupartis  Vaneouvei'ensis.     Comox  River.     Shows  inner  surface  of  thorax, 

with    the    mandibles    {m.)    and    the   walking  -  legs ;    also  bases  of  the 

antennules  and  upper  snrtace  of  abdominal  somites. 

Platb  XVI. 
lo.  1 .  Linuparus  Canadensii^  Whiteaves.     Under  side  of  cephalothorax. 
y    2.  Eryma  Dawsoni,  H.  Woodw.      Hornby   Island.    Specimen  imbedded  in 
a  nodule  seen  in  profile.     Geological  Survey  Museum,  Ottawa. 

{To  h$  eontinuid.) 

III. — Fossil  Mammalia  from  Egypt.  Part  IE. 
By  Chas.  W.  AiCDBBWs,  D.Sc,  F.G.S.,  British  Museum  (Nat.  Hist.). 
N  addition  to  the  remains  of  the  large  Anthracotheroid  {Brachyodui 
,  africanus)  described  in  the  first  part  of  this  paper  (Qeol.  Mao., 
>ec.  IV,  Vol.  VI,  1899,  p.  481),  the  collection  of  mammalian 
3ne8  from  the  Lower  Miocene  of  Moghara  also  includes  portions 
f  the  skeleton  of  a  small  rhinoceros.  Unfortunately  this  is  very 
oorly  represented,  there  being  only  an  incomplete  scapula  and  an 
Jas  vertebra,  and  in  the  absence  of  any  portion  of  the  skull  or 
>eth  it  is  impossible  to  determine  the  species  to  which  it  may  have 
slonged.  As  was  pointed  out  in  Part  I,  the  age  of  the  deposit  is 
urdigalien  (Lowest  Miocene),  and  it  is  therefore  contemporary 
ith  the  Sables  de  TOrleanais  and  the  fresh-water  deposits  of 

1  Palaeontol.  Mittheilung.,  1S62,  ^.  ^*1. 
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Bggrabntg.  ZVmn  tlw  latter  no  rhioooeroe  remains  are  reooida^^ 
fem  flntn  the  fimaMr  WVeTal  species  seem  to  have  been  obtained 
Of  thaw  onlj  OM^  AMrvtherium  anreliancnge,  bas  been  described  taii 
flgnrei.'  QttVt^  OE  ths  autboHty  of  tbe  Abbe  Bourgeois,*  bas  given 
klutof  fin  qMOiM  from  tbe  Sables  de  I'Orleaaais,  biit  none  of  thei^e 
<MK  to  1m  tme  Bnidigalien  forms,  some  being  Middle  Miocene, 
Ofiten  Uppor  OUffOOeim.  More  recently  Mennier*  baa  described  and 
flgtind  ft  fim  ann  and  mandible  of  an  Aceraikerium  from  Ibe 
"BmSffiSmi  of  FODt-de-Mnnne  in  Royans  (Diome),  South-Eastem 
WttaM.  Of  fidi  apedM,  to  wbich  the  name  A.  phtyodon  baa  been 
'l^mn,  noQdug  bejfond  ttie  aknU  and  mandiblo  bas  been  described 
sod  figimd,  ao  tut  it  is  not  possible  to  compare  the  Egyptian 
IMritneiM  vUt  it.  TSat  improbably,  when  further  remains  are 
tJMdntdftomUot^MnltwiU  be  foimd  that  this  Egyptian  rbinoceroi 
la  Umtioil  with  A-  fiatyodon,  A.  aureUanense,  or  with  one  of  (be 
'O0tar  apedea  whioh  aotnnlly  occur  in  tbo  Sables  de  rOrlcouais,  but 
•aam  to  h^n  bean  ao  fax  confnsed  with  fonna  from  otlier  honzons. 
'flw  azlmne  hudseaa  ohd  generally  good  state  of  preservation  of 
Ike  Bgyptiaa  bonea  nnder  it  highly  probable  that  excavations  at 
Koghan  wonld yield TBiy  complelo  and  vahiableppecimene,  and  it  is 
te  be  hoped  that  aaohaayslaii.it  if  si-avi-b  iii:ij  w^nLrur  Int^rbemade. 

The  OHM  ia  aomewhat  smaller  than  that  of  any  leotnt  lUaoeara^ 
but  at  the  aame  time  it  ia  relatlTely  longer ;  moieover,  the  oma  toe 
the  oodpitsi  oondylea  are  unoh  deeper  and  are  ac|)uated  I7 adtapir 
notoh,  and  the  mrfaoeB  for  articulation  with  the  oaatrnm  w  the  ada 
are  inclined  to  one  another  at  a  more  acute  angle  than  in  any 
rhinoceros  atlas  with  which  I  have  been  able  to  compare  it.  Hie 
banaverse  processes  are  much  broken  at  their  extremities,  wbicl) 
seem  to  have  been  expanded  to  a  oonsiderable  degree;  near  their 
bases  they  are  perforated  by  a  vety  obliqne  vertebrarterial  canal,  the 
ventral  opening  of  which  is  near  their  middle  point,  the  doraal  near 
their  anterior  border  just  external  to  the  outer  angle  of  the  nrtioalar 
anifaos  for  the  axis.  A  similar  oanal  is  seen  in  the  atlaa  of  aome 
apeoimens  of  B.  bieorruB,  bat  is  absent  in  others,  so  that  it  oannot 
be  regarded  as  a  cbaraoter  of  mnoh  importance.  The  neural  aroh 
is  narrow  from  before  back,  and  ia  perforated  by  a  huge  foramen  for 
the  first  spinal  nerve ;  the  impressions  of  the  nnohal  ligament  are  not 
atrongly  marked,  probably  indicating  that  compared  with  that  of  the 
recent  homed  rhinooeroses  the  skull  was  light. 

The  only  atlas  vertebra  of  any  of  the  older  forms  of  rhinooeroa 
with  which  I  have  been  able  to  compare  this  specimen  is  that  of 
B.  $ehUirvtaekeri,  described  and  figured  by  Eanp,  and  of  which 
time  ia  a  oast  in  the  British  Museum.  From  thia  atlaa  our 
apeomen  difiera  aa  widely  and  in  the  same  points  aa  from  those 
of  reoent  forms. 

in  nonTean  BMnooiroi  fouile,"  ph.  i-v;   H4m.  d*  la 
I,  beUM-lBttm,  etutid'OrlMD*,  Tiii,  1868,  p.  Ml. 


■  Oerrui;  "Zool.  st  Pal.  gf^inim,"  Mr.  1  (1BS7~S),  p.  167. 

■  Hnmiai,  "Snr  la  dtoaverte  d'nne  nonnlls  espeoe  i'AttrttAmum" :  Ass. 
800.  Liim.  Ljon.,  torn.  lUi  (1395),  p.  103.  Ako,  Op.  dt.,  ton.  xliii  (ISSfl),  pp.  IJi 

Mad  367. 
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The  dimenaioDB  of  the  aUas  are : 

nun. 

Greatest  width  across  articQlaiion  for  Bkoll     140 

Greatest  width  across  articulation  for  axis       153 

Antero-posterior  width  of  hase  of  the  transrene  process        94 

He^ht  of  neural  canal 70 

Wiuh  of  neural  canal 62 

In  the  imperfect  right  soapala,  probably  belonging  to  the  same 
Bpeoies,  the  sapra-soapular  border,  the  upper  edge  of  the  spine,  and 
the  upper  portion  of  the  glenoidal  border  have  been  broken  away. 
The  most  notable  points  aboat  this  bone  are :  (1)  the  straightness 
of  the  ooracoid  border,  which  for  the  greater  part  of  its  length  is 
parallel  to  the  base  of  the  spine ;  and  (2)  the  oomparative  narrow- 
ness of  the  presoapnlar  fossa.  In  both  these  points  the  fossil 
acapnia  resembles  that  of  B.  biearrUs  more  nearly  than  those  of 
other  living  species,  but  its  ooracoid  border  is  still  straighter  and 
the  spine  is  less  inclined  backward  than  in  that  species.  In 
S.  uttieomia  the  width  of  the  bone  above  the  ooracoid  tuberosity 
is  relatively  considerably  greater,  the  ooracoid  border  more  convex, 
and  the  prescapular  fossa  somewhat  wider  than  in  the  fossil ;  but 
on  the  other  hand,  in  the  general  backward  curvature  of  the  blade 
there  is  considerable  similarity  in  the  two  forms.  The  scapula  of 
B,  iondaicus  is  widely  di£ferent,  being  much  more  expanded  and 
having  a  strongly  convex  ooracoid  border.  In  R,  simus  also  the 
ooracoid  border  is  convex,  the  prescapular  fossa  wider,  and  the 
ooracoid  tuberosity  much  more  massive.  Another  point  which  dis- 
tinguishes this  scapula  from  those  of  recent  types  is  the  form  of  the 
glenoid  articulation,  which  is  ovate,  with  the  narrow  end  towards 
the  ooracoid  border ;  in  recent  forms  this  surface  is  nearly  circular, 
although  in  B,  indicus  there  is  some  indication  of  an  ovate  form. 

Comparison  with  fossil  forms  is  difficult,  owing  to  the  fact  that 
the  scapula  is  seldom  figured,  and  that  there  are  scarcely  any 
specimens  in  the  Natural  History  Museum.  Amongst  the  scapulas 
of  which  figures  are  available  our  fossil  seems  to  approach  most 
nearly  to  that  of  B,  pachygnathus,  from  the  Upper  Miocene  of 
Pikermi,  figured  in  Gaudry's  "Animaux  fossiles  et  Geologic  de 
I'Attique,"  pi.  xxxi,  and  from  this  it  differs  in  much  the  same  points 
as  from  the  scapula  of  B.  hicomia. 

The  scapula  is  too  incomplete  to  give  any  accurate  measurements, 

but  its  approximate  dimensions  are  as  follows  : — 

mm. 

Glenoid  surface,  long  diameter 77 

Glenoid  surface,  short  diameter ^      62 

Width  immediately  above  ooracoid  tuberosity 95 

Approximate  length       ...         ...        ...         ...        ...        ...         ...     360 

As  was  remarked  above,  the  remains  here  noticed  are  far  too 
incomplete  and  the  material  for  comparison  too  scanty,  for  it  to  be 
possible  to  say  more  than  that  the  bones  are  those  of  a  rhinoceros ; 
but  at  the  same  time  the  general  similarity  of  the  scapula  to  that 
of  B.  bieomia  and  B.  pachygnaihm  suggests  the  probability  that  this 
Miooene  type  will  prove  to  belong  to  the  same  series  of  which  those 
species  are  members. 
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lY. — On  the  Constituents  of  thb  Sands  and  Loahs  of  thi 
Plateau  Gravel  oooubbino  in  the  Pit  Sections  nsab  Ash, 
Seyenoaks. 

By  Frederick  Chapman,  A.L.S.,  F.R.M.S. 

I  AM  indebted  to  the  Hev.  Ashington  Bullen,  B.A.  (London), 
F.G.S.,  for  eight  samples  of  sands  and  loams  from  the  Plateaa 
Grayel  of  Kent,  which  be  has  plaoed  in  my  bands  for  ezaminatioQ 
with  the  microscope.  They  were  carefully  collected  by  Mr.  B. 
Harrison,  of  Ightham;  and  for  conyenience  they  are  here  lettered 
A-H. 

The  sections  of  these  and  other  pits,  made  under  a  grant  from 
the  British  Association  in  1895,  are  published  in  the  Report  of  the 
British  Association  for  that  year. 

A. — ^A  greyish  or  mottled  clay,  at  8  ft.  6  in.  The  proportion  of 
argillaceous  material  washed  from  this  sample  was  73  per  cent, 
leaving  a  residuum  of  27  per  cent,  of  fine  and  coarse  sand.  The 
sandy  residue  consists  of  very  fine  angular  quartz  and  pale 
glauconitic  fragments.  There  is  also  a  large  proportion  of  aooreted 
sand-grains,  some  of  which  simulate  rhizopodal  tests,  if  they  are 
not  actually  such,  and  resemble  genera  which  affect  sandy  and 
shallow  marine  areas. 

B.— A  pebbly  loam,  from  Pit  No.  2,  at  3  ft.  6  in.  ("Ash,  1896"). 
A  large  proportion  of  this  material  consists  of  well-rounded  pebbles 
of  flint,  with  an  occasional  subangular  fragment  The  sandy  residue 
after  washing  is  seen  to  be  composed  of  angular  chips  of  flint  and 
quartz,  with  some  ferruginous  matter. 

C. — A  grey  sandy  loam  from  Pit  No.  1,  at  5  feet.  This  material 
is  excessively  fine.  After  the  finest  sand  and  clay  was  removed 
by  washing,  the  residuum  amounted  to  45  per  cent.  A  part  of 
the  washings  was  treated  for  heavy  minerals,  of  which  there  is 
a  noticeable  quantity.  The  average  size  of  these  mineral  particles 
is  about  -05  mm.  in  diameter.  They  consist  of  (1)  Ilornhlende,  a  few 
fragments,  some  with  a  decided  blue  tint  suggestive  of  Riebeckite; 
(2)  Chlorite,  several  flakes ;  (3)  Tourmaline^  numerous  and  in  very 
perfect  crystals  grey  to  greenish-brown  ;  (4)  Kyanite^  a  few  flakes ; 
(5)  6r/aMcon/<e,  numerous  rounded  granules;  (6)  Zircon,  exceedingly 
common,  some  well-formed  crystals  with  prism  of  1st  order  and 
pyramids  of  2ud  order ;  also  badly  developed  crystals  with 
rounded  angles,  good  examples  of  zoning,  cavities,  and  inclusions; 
(7)  Untile,  many  examples,  including  both  short  and  long  prisms, 
of  a  fine  red-brown  colour.  The  above-mentioned  minerals  are 
much  smaller  than  any  others  I  have  met  with,  either  in  the  Bagshot 
Sands  or  the  Lower  Greensands,  but  in  many  respects  are  like  those 
from  the  first-named  deposits.  The  quartz  grains  are  very  minute 
and  perfectly  angular.  There  are  also  a  few  cherty  and  accreted 
fragments  present. 

D. — A  pebbly  loam,  from  Pit  No.  2,  at  8  feet.  Somewhat  similar 
to  the  preceding ;  with  a  difference  in  the  character  of  the  pebbles, 
which,  although  rounded,  aro  split  apparently  by  frost  action.     The 
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fine  sand  is  interesting  on  aoconnt  of  its  diverse  nature,  oonsisting 
chiefly  of  angular  fragments  of  quartz,  with  numerous  subangular 
and  partially  rounded  quartz  and  flint  grains,  and  very  rarely 
a  probably  wind-polished  grain  of  quartz.  A  sponge-spicule  was 
noticed  in  this  sample. 

E. — An  umber-coloured  clay,  from  Pit  No.  2,  at  8  feet  This 
specimen  yielded  a  residuum,  on  washing  away  the  fine  argillaceous 
portion,  of  42  per  cent.  This  consists  of  fine  angular  quartz  sand, 
and  a  smaller  proportion  of  accreted  particles,  of  an  umber-brown 
colour. 

F. — A  bright  ochreous  yellow  sandy  rock,  of  fine  texture,  from 
Pit  No.  2,  at  8  feet.  The  fine  argillaceous  and  ochreous  portions  of 
this  rock  were  separated  by  decanting  after  stirring  and  allowing 
the  washings  to  settle  for  20  seconds.  This  gave  a  residuum  of 
72  per  cent  The  fine  portion  consists  of  minute  grains  of  quartz, 
very  angular,  and  associated  with  them  were  some  flakes  of  limonitic 
material.  A  small  proportion  of  the  residue  is  much  coarser  and 
floats  easily.  It  consists  of  tubular  and  reticulose  or  pitted  fragments 
of  a  purple-brown  colour,  somewhat  of  the  nature  of  'race.'  The 
reticulate  surface  may  possibly  be  due  to  the  impress  of  sand-grains. 
Some  of  the  particles  in  this  residue  have  a  chalky  appearance,  and 
are  doubtfully  comparable  with  worn  specimens  of  foraminifera ; 
there  are  also  a  few  fragmentary  sponge- spicules.  The  rarer 
minerals  are  also  present  in  some  abundance  in  this  sand,  such 
as  zircon,  tourmaline,  rutile,  and  kyanite. 

G. — A  pale  ochreous  sandy  clay,  from  Pit  No.  2,  at  8  ft.  2  in. 
The  residuum  after  washing  was  40  per  cent  The  chief  part  of 
the  sand  consists  of  angular  and  subangular  quartz  grains,  with 
a  smaller  quantity  of  flinty  particles,  and  with  a  few  larger  accreted 
fragments  of  a  dark  umber  colour.  Some  of  the  large  quartz  grains 
show  evidence  of  wind-polishing. 

H. — Sand  with  iron-oxide  cemented  to  an  eolith,  from  a  pit  at 
Ash  in  the  gravel  that  occurs  at  8  feet  The  separated  sand-grains 
carry  a  more  or  less  thick  covering  of  ferruginous  cement  The 
finer  sand-grains  consist  of  sharply  angular  quartz  fragments ;  the 
larger  grains  are  angular,  subangular,  and  rounded,  or  even  highly 
polished,  fragments  of  quartz,  chert,  and  flint  Several  of  the 
particles  noticed  are  of  foraminiferal  origin,  consisting  of  pale 
glauconite.  One  very  perfect  cast,  in  apple-green  glauconite,  was 
here  noticed,  and  identified  as  that  of  Globigerina  cretacea,  D'Orb. 

Belies  of  minute  marine  fossils  (some  certainly  from  the  Chalk) 
occur  in  the  samples  of  loams  and  sands,  D,  F,  and  H.  The  sand- 
grains  of  flint,  chert,  glauconite,  and  quartz  are  referable,  of  course, 
to  the  Chalk,  Greensands,  and  to  some  more  ancient  rocks,  and  may 
have  passed  through  several  stages  of  erosion  and  sedimentation 
before  their  deposition  in  these  gravel-beds.  The  presence  of  the 
rarer  *  heavy  minerals '  indicates  very  much  older  rocks  as  their  real 
source ;  but  they  probably  formed  part  of  other  beds  in  succession, 
as,  for  instance,  in  the  Bagshot  Sands,  to  whic\i  aWw^Vou  \^  \£v<^^^  \sl 
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and  wUoh  oonliins  oo  many  ^liMfy  ndMinls'in  tiha  loiiani/  hn 
been  cbriTed,  aimilarly  to  ftaplatiw  drift  lM«a  deaorfbed^  fcok  an 
older  bed  oommon  to  both 
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By  S.  BiiiuDnni  WiBaav,  F.a.8. 

N  takfa^  m  fliaft  walk  o^ar  Weat  Hi|^  Down^  nav  Aaabwator 

Bagr,  in  Maj  of  laat  year,  I  fbnnd  tbat  tba  gtsmuk  had  beoi 

pIoi]{^ied  up  l^  teaotion  «B|pnea  dmwing  heaij  gana  to 

louaa  of  aoa 


1 


new  forti  on  the  Meedlee  Poinft»  Aen  in  oouaa 
Thinking  that  tiiera  might  be  aoma  NaolUhio  implgmanti  trntnad 
np»  I  examined  ttie  nit%  when  almoet  the  fteet  mag  I  amr  waa 
a  Palmolithio  implement  It  waa  ovate  in  fornix  8i  inehaa  Jmm 
bj  2t  inohea  broad*  thin,  veiy  dtghdj  twiated»  wall  auda  and 
^ymmefanoal  thooj^  not  elabonlely  nnidied,  and  oehmoaa  and 
almoat  nnabtaded  in  oondilkm.  So  mr  ae  I  am  awaie^  fliia  ia  die 
fixet  Palmolithio  implement  that  Imm  been  feond  in  the  diatriot* 

Not  a  ain^^e  atone  had  bean  ftioam  down  la  amkn  a  load^  mA 
from  the  firat  I  Mi  aura  that  it  had  bean  tuned  np  on  tta  apot 
The  foUowing  day  I  took  a  trowel  widi  me^  and  fiaoovaiad  mtk 
there  waa  a  drift  of  atony  olay ;  in  thia  I  fonnd  a  PalaaoUthio  oora 
at  a  depth  of  19  inohea  from  the  aurfaoe,  though  the  width  of  my 
bole  at  that  depth  was  soaroely  larger  than  the  size  of  the  oore. 

Through  a  mutual  friend  I  obtained  the  oonsent  of  the  owner  of 
the  land,  Mr.  Oranville  Ward,  of  Weston  Manor,  Totland,  and 
Northwood,  Cowes,  to  dig  further.  The  following  aeotiona  will 
show  the  general  character  of  the  deposit 

Hole  A,  about  35  yards  north  of  where  the  first  implement  waa 
found,  and  at  a  slightly  lower  leveL 

laat  inehta. 

4.  Surface  Boil    ...        ...        ...        ...        •••        1        0 

3.  Loam,  with  stones  similar  to  those  in  the  lajrer  helow      ...        0      0-9 
2.  Layer  of  stones:   composed  of  flint  nodnles;   fraetored, 
unabraded,    whitened   flints ;    fractured,    red-stained, 
scratched,  and  brown  abraded  flints  ;    Tertiary  flint 
pebbles  and  ironstone ;  and  PalsBolithic  implements    ...        0        % 
[1a.  In  places,  over  an  area  of  from  1  to  3  souare  feet,  the 
stained  and  scratched  flints  were  found  in  tne  yellow  clay 
below  the  layer  of  stones.    Here  implements  were  most 
abundant,  the  flakes  sometimes  almost  touching  each 
other.] 
1.  Yellow  clay,  with  yellowish  white,  or  ^rej,  fractured, 
unabraded  flints,  and  some  Tertiary  flmt  pebbles  and 
ironstone       Seen  to        1        9 


8        6 


*  Proc.  Geol.  Assoc,  vol.  xvi  (1900),  p.  266. 

'  For  an  account  of  the  discoyeries  at  tiie  other  extremity  of  the  ialand,  ne 
T.  Codrington,  Quart.  Joum.  Geol.  Soc.,  yoI.  xxri  (1870),  p.  642 ;  and  Sir  Joha 
Hyana,  *'  Ancient  Stone  Implementa  oi  Qfi^dit'&TvXain.C^  ^iiA^iL  (3'^Q7^>  p.  626. 
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Hole  B,  very  near  where  the  first  implement  was  found. 

feet  inohae. 
4.  Surface  soil    ...        ...        ...        ...        ...        ...        ...        0       8 

3.  Layer  of  stooes:  composed  of  whitened,  anabraded  flint 
fragments ;  Tertiary  flint  pebbles  and  ironstone  ;  some 
ocueous  fliint  fragments;  and  Palieolithie  implements        0      2-4 

2.  Yellow  clay:  full  of  small,  yellowish-white,  nnabraded 
fragments  of  flint ;  flint  nodules ;  a  good  many  Tertiaij 
pebbles ;  and  some  ironstone       1  ft  Sin.  to  1      10 

1.  Boiled  chalk  rubble,  with  a  rery  uneren  surface 

Seento2ft.  4in.  tol        9 


Between  these  two  sections  I  found — 

5.  Surface  soil    ...        ...        ... 

4.  Layer  of  stones,  as  in  hole  B  

3.  Loam,  as  in  hole  A    ...        ...  ...        ...         ...        ».. 

2.  Layer  of  stones,  as  iu  hole  A  

1.  Teilow  clay,  as  in  holes  A  and  B  

1      10 

It  is  thus  seen  that  the  lower  layer  of  stones  and  the  loam  aboTe 
disappear  just  beyond  where  the  upper  layer  of  stones  oomee  on. 
I  have  traced  this  upper  layer  for  a  distance  of  80  or  100  yards 
to  the  south,  while  at  some  70  yards  beyond  this  point  I  found 
stony  clay,  with  no  definite  stratification,  to  a  depth  of  2  ft.  6  in. ; 
how  much  deeper  it  may  be  I  do  not  know.  The  lower  layer  of 
stones  I  found  to  preserve  its  character  over  an  area  of  more  than 
100  square  yards,  with  no  sign  of  its  termination  to  the  north 
or  west. 

The  implements  are  generally  abraded,  sometimes  only  very 
elightly,  but  often  to  a  considerable  extent.  Many  of  them  are 
much  altered  and  corroded,  and  rough  and  unpleasant  to  the  touch. 
These  are  stained  either  of  a  dirty  reddish-brown  or  yellow  colour, 
and  are  often  very  blotchy  in  appearance.  But  in  and  above  the 
lower  layer  of  stones  (bed  2  of  hole  A)  many  of  them,  though 
abraded  on  the  edges,  are  not  so  altered ;  some  of  these  are  stained 
of  a  fairly  rich  red,  but  a  larger  number  are  nearly  of  their  original 
colour.  It  is  not  improbable  that  these  may  belong  to  a  later 
phase  of  the  Palasolithio  period  than  the  corroded  forms,  but  my 
collection  is  not  large  enough  to  warrant  a  definite  conclusion  on  the 
matter.  The  Stoke  Newington  district,  so  admirably  worked  out  by 
Mr.  Worthington  Smith,  affords  an  excellent  standard  of  comparison 
for  three  phases  of  the  Palaeolitliic  period.  I  have  a  considerable 
collection  from  that  district,  and  the  corroded  implements  from 
High  Down  certainly  suggest  a  parallelism  with  the  oldest  of  Stoke 
Newington ;  while  the  non-corroded  examples  suggest  the  latest  or 
Le  Moustier  phase  rather  than  the  intermediate  or  Eiver  Drift 
proper,  though  no  definite  Le  Moustier  types  have  been  found  by 
me  on  High  Down.  One  of  those  from  the  lower  layer  of  stones 
on  High  Down,  a  pointed  implement,  5  inches  long  by  2  inches 
broad,  and  possessing  the  peculiarity  of  being  triangular  in  ^^^tvQ{^<i 


408    8.  H.  Warren — Paleolithic  Implements,  L  qf  Wight. 

is  similar  in  type  to  one  of  the  Le  Moastier  period  of  Stoke 
Newington  in  my  ooUection.  Both  owe  their  form,  in  great  pait, 
to  the  natural  fracture  of  the  flint,  and  are  merely  trimmed  to 
a  serviceable  shape  by  a  small  number  of  blows. 

The  original  ovate  implement  that  I  first  found  came  from  the 
upper  layer  of  stones,  and,  like  several  others  (flakes  and  cores) 
from  that  level,  it  is  stained  of  a  yellow  colour,  though  not  deeply 
altered,  and  practically  unabraded ;  but  one,  a  straight-edged  scraper, 
belongs  to  the  corroded  series,  and  its  surfaces  are  covered  with 
the  characteristic  scratches.  From  bed  1a  of  hole  A  I  have  aa 
excellent  core,  3^  inches  long  by  2\  inches  wide,  showing  three 
straight  parallel  facets,  flaked  with  a  skill  that  is  rarely  seen  among 
earlier  Palseolithio  finds. 

The  corroded  examples,  like  the  earlier  Palseolithio  implements 
from  Stoke  Newington  and  elsewhere,  nearly  always  bear  evidenoe 
of  having  been  twice  abraded :  once  before,  and  again  after,  they 
received  their  oohreous  patina ;  showing  them  to  have  been  derived 
from  an  earlier  drifk. 

The  greatest  depth  at  which  I  have  dug  an  implement  in  the 
High  Down  drift  is  3  ft.  6  in. ;  I  have  several  from  about  S  feet, 
but  the  greater  number  are  from  1  ft.  6  in.  to  2  feet. 

The  position  in  which  this  drift  occurs  is  interesting  and 
suggestive.  The  range  of  the  chalk  downs  is  breached  down  to 
sea-level  at  Freshwater  Bay  by  the  former  course  of  the  Western 
Yar.  From  this  point  westward  the  downs  rise  steadily  to  483  feet 
above  Ordnance  Datum  at  the  summit  of  East  High  Down,  on 
which  eminence  the  Tennyson  memorial  cross  has  been  erected. 
From  Ibis  point  the  ridge  of  the  downs  falls  steeply  to  361  feet  O.D., 
and  thence  rises  gradually  to  4G2  feet  O.D.,  the  summit  of  West 
High  Down,  not  far  from  the  Needles  Point  It  is  in  the  low  part, 
between  East  and  AVest  High  Down,  that  the  Palaeolithic  drift 
occurs.  So  far  as  I  can  make  out,  the  actual  lowest  point  is 
361  feet  CD. ;  but  there  is  little  or  no  drift  here.  The  main  mass 
of  it  occurs  at  from  75  to  150  yards  to  the  west  of  the  lowest  point, 
and  at  a  level  of  perhaps  4  or  5  feet  above  it.  This  spot  I  shall  for 
convenience  refer  to  as  **  the  drift  area." 

This  drift  area  extends  only  for  about  75  yards  from  east  to  west, 
or  along  the  ridge  of  the  downs,  but  I  have  traced  it  for  a  much 
greater  distance,  both  southward  towards  the  8e»  and  also  northward 
down  the  steep  dip  slope  of  the  chalk  on  to  the  ridge  across  the 
Eocene  valley  presently  to  be  mentioned. 

Opposite  tho  drift  area  on  the  chalk  downs  is  Headon  Hill, 
397  feet  in  height,  formed  of  Oligoceno  strata  capped  by  30  feet 
of  drift  gravel.  Between  Headon  Hill,  the  highest  ground  on 
the  Tertiary  area,  and  the  drift  area,  there  is  a  ridge  across  the 
intervening  Eocene  valley  at  about  270  to  280<>  feet '  O.D.  This 
ridge  forms  a  water-parting  between  the  stream  flowing  westward 
into  Alum  Bay  and  that  flowing  north-eastward  into  Totland  Bay. 

'  Tho  levelH  for  this  district  aro  not  published  by  the  Ordnance  Survey.  Thost* 
with  an  asterisk  uro  approximate  aneroid  levebi  taken  by  myself. 
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As  already  mentioned,  the  implementiferous  clay  drift  extends  down 
from  the  chalk  downs  on  to  this  ridge,  and  I  have  found  a  number 
of  rude,  ochreoas,  and  much  abraded  Paladolithic  implements  on 
a  ploughed  field  here. 

There  can  be  little  doubt  that  the  gap  in  the  chalk  downs  with 
its  PalflBolithic  drift,  the  ridge  across  the  Eocene  valley,  and  the 
lafge  mass  of  gravel  capping  Headon  Hill,  are  closely  connected 
with  each  other  in  their  origin.  The  Headon  Hill  gravel  is 
stratified  in  irregular,  confused  masses  ;  it  is  composed  of  flint 
nodoles,  often  more  or  less  battered  and  rolled  on  their  projecting 
branches,  fractured  fragments  of  flint  that  are  practically  unabraded, 
together  with  a  certain  number  of  flint  pebbles  derived  from  the 
Tertiary  beds,  but  no  debris  from  strata  below  the  chalk  nor  any 
foreign  erratics.  Headon  Hill  is  now  quite  isolated,  with  the 
exception  of  the  ridge  at  about  270*  feet  O.D.  that  connects  it  with 
the  chalk  downs,  so  that  the  gravel  capping  it  is  evidently  a  very 
early  drift,  possibly  Pliocene,  but  certainly  long  anterior  to  the 
Palsoolithic  drift  on  High  Down.  It  appears  to  me  to  be 
a  terrestrial  and  not  a  marine  deposit ;  and  to  have  been  swept 
down  along  the  line  of  the  col,  if  I  may  so  term  it,  that  now  forms 
the  gap  between  East  and  West  High  Down,  at  a  time  when  the 
chalk  range  was  several  hundred  feet  higher  than  it  is  now. 

It  seems  to  me  that  this  is  the  simple  and  natural  explanation  of 
the  Headon  Hill  gravel  ;  but  I  find  a  greater  difficulty  in  explaining 
the  Palaeolithic  drift  on  the  downs.  I  at  first  thought  that  it  belonged 
to  a  stream  flowing  northward  into  the  old  Solent  River  from  land  to 
the  south  that  had  since  been  destroyed  by  the  sea.  But  there  are 
various  objections  to  this  view.  Firstly,  the  surface  of  the  downs 
slopes  southward  from  the  drift  area  at  about  365*  feet  O.D.  down  ta 
about  290*  feet  CD.,  where  it  is  cut  off  by  the  present  sea-cliff;  and 
has  apparently  continued  to  slope  downwards  to  a  still  lower  level 
before  the  sea  had  encroached  to  its  present  position.  So  that  from 
the  contours  of  the  downs  the  difficulty  of  a  stream  flowing  from  the 
south  is  quite  as  great  as  that  of  one  flowing  from  the  north  (or 
north-west),  and  from  other  considerations  far  greater.  Secondly, 
the  very  abundant  remains  of  Tertiary  strata,  in  the  shape  of  flint 
pebbles  and  ironstone,  that  are  found  in  the  drift,  would  necessitate 
the  supposition  of  Tertiary  outliers  to  the  south,  if  it  had  come  from 
that  direction,  which  a  glance  at  the  geological  structure  of  the 
district  shows  one  to  be  an  unjustifiable  assumption  ;  without  going 
back  to  a  time  long  anterior  to  the  Pal89olithio  drift.  Supposing  the 
drift  to  have  come  from  the  north  or  north-west,  the  difficulty  is 
only  one  of  some  90*  feet,  that  is,  the  difference  between  the  ridge 
of  the  Eocene  valley  and  the  level  of  the  drift.  And  as  the  ridge 
is  being  cut  back  on  both  sides  by  the  streams  flowing  westwards 
into  Alum  Bay  and  north-eastwards  into  Totland  Bay,  the  difficulty 
is  not  a  great  one.  Further,  it  appears  to  me  that  not  only  Alum 
Bay  Chine  itself,  but  the  whole  valley  from  the  ridge  westwards, 
which  is  only  f  mile  long,  is  comparatively  modern ;  that  it  was 
formerly  occupied  by  Tertiary  beds,  and  that  l\i^  ^x^vasy^'^  ^<i^^^ 


Iirds  and  then  north-eastwards  through  what  is  now  Totland 
Bl^  into  the  old  Solent  Kiver.  At  the  time  the  Ilesdon  Hill  grav«l 
«M  deposited,  at  least,  it  ia  manifest  that  this  vnlley  could  have  bad 
no  existence,  but  that  the  hose-level  of  the  Headon  Hill  gravel 
«t  800  to  370  feet  O.D.  was  then  the  lowest  ground  at  the  foot  of 
As  ohalk  range,  flanked  by  Tertiary  beds.     The  groat  mass  of  thii 

Era!  would  resist  the  forces  of  erosion  much  more  powerfully  tbM 
Kft  Eocene  sands,  and  thus  gradually  heaome  isolated  by  ths 
mtting  awny  of  those  strabi.  If  this  view  be  correct,  the  Paleeolithio 
4tiA  un  High  Down  belongs  origioally  to  an  early  stage  in  the 
^jnution  of  the  Encono  valley,  though  it  has,  in  part,  been  n- 
■^Utod  at  variooi  IMer  timM. 

I  ham  ftUo  foiud  FiOaolithie  iwi^mn^  i»  *•  «n«b«r*l 
WoBtam  Tur.  In  PUrtooam  HmM  Mm  mm  ftmii  dbMfe  •  ■>» 
to  tho  aoatii  of  BriglitgtoiM  and  Brook,  thnt  «m  ^M*  J»  MOT. 
OuonptOB  B^.  ud  thnngb  tho  np  in  the  Ohdk  dowM  iliVMt 
mtei  Bay,  to  join  the  old  Solant  Sivw  near  Tan»a«flk  -n» 
Pkiatoooao  gnmU,  with  th^aooonpaajiu  hciiikiairttitMiiialiNt 
the  oUfF  Motioa  from  BrigbtitoM  QfaoBe  OhiB*  to  Qomt»m.  Vtg, 
ooonr  in  toTTaoea  at  from  60  to  laO  iMt  aiX  n»  WMtk  %tvm 
ia  oalled  'Flatoan  OraTCl'  bj  tha  Oaologiool  Ssft^,M  I  am* 
agrae  with  thai  pving  it  a  aapaiate  ttU^  eapaolaUy  ••  it  has  ttfift 
In  oommon  with  thon  drift  d^oaita  that  aroaUy  go  Ih  that  wvw 
I  have  not  been  eoooeaaliil  io  fiodiag  anj  implanianti  alo«c  tiM  oliff 
here,  but  I  think  if  they  were  oarefnUy  watohod  aa  blla  faik*  phot 
&om  time  to  time,  that  implements  would  veij  probably  be  fixmdin 
them,  perhaps  most  abundantly  ia  the  npper  terraoe. 

On  the  other  side  of  Freshwater  Qate  I  have  foand  Palnolithio 
implements  in  a  patoh  of  gravel,  not  marked  on  the  Survey  Hap^ 
that  caps  an  isolated  knoll  at  about  95^  feet  O.D.  It  is  sTidently 
a  remnant  of  a  river  terrace  that  has  been  almost  entirely  destroyed 
by  denudation.  Nearer  Freshwater  Churoh  there  is  another  knoll 
which  forms  the  highest  ground  for  some  distanoe  round.  This  ii 
also  capped  by  gravel,  though  not  so  coloured  on  the  Survey  Hap. 
The  elevation  of  this  knoll  is  about  10  or  16"  feet  below  the  lenl 
of  the  other  patoh  ;  hut  as  the  thioknesa  of  the  gravel  here  appean 
to  be  only  1  or  6  feet,  whereas  the  thickness  In  the  other  knoll  ia 
10  feet  or  more,  the  level  of  the  two  very  closely  onirespondi,  and 
they  are  evidently  remnants  cf  the  same  terrace.  There  are  alw 
terraces  at  lower  levels  about  Freshwater,  but  I  have  not  at  prennt 
auoceeded  in  finding  any  implements  on  them. 

Both  the  gravels  of  the  cliffs  near  Brook  and  Brightstone,  and 
also  those  of  Freshwater,  contain  occasional  pebbles  of  PaliBOKiia 
rocks.  These,  I  think,  have  most  probably  been  derived  from 
Lower  Cretaceous  strata.  In  the  gravels  on  the  left  bank  of  the 
old  Solent  Biver  about  Bournemouth  erratios  are  far  more  nnmerooa; 
and  Ihey  have  doubtless  been  derived  fi-om  the  west,  as  maintained 
by  Mr.  A.  E.  Salter.'  In  going  over  the  gravels  of  that  district 
IT  (ISSB),  p.  ST7i  see  *1m  B.  Oodwin-AartM, 
ii  (18671,  p.  16- 
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I  noiioed  in  the  Plateau  Oravels  from  Ganford  Heath  to  beyond 
Talbot  Village,  and  also  on  the  isolated  St  Catherine's  Hill  ^  near 
Christohorch,  that  erratio  pebbles  are  very  abundant,  though  flint 
forms  the  bulk  of  the  gravel  so  far  as  the  larger  stones  are  oon- 
oemed ;  but  with  the  coarse  g^nt  (pieces  of  from  ^  to  ^  inch  in 
•diameter)  a  large  proportion  of  its  bulk  is  composed  of  those 
erratics.  The  same  is  the  case  with  the  gravels  already  mentioned 
belonging  to  the  old  Solent  Biver  that  are  exposed  in  the  clifib  from 
Branksome  to  Southboume,  and  in  many  pits  about  Bournemouth. 
But  as  soon  as  one  crosses  the  ridge,  capped  by  Plateau  Gravel, 
into  the  valley  of  the  Stour,  one  finds  that  the  bulk  of  the  grit  is 
■composed  of  flint  with  some  quartz ;  indeed,  I  looked  a  long  time 
before  I  found  a  single  erratio  in  the  grit,  though  I  had  found  one 
or  two  of  larger  size.  This  was  surprising  to  me,  as  I  had  previously 
thought  that  the  lower  terrace  gravels  were  formed  out  of  the 
materials  of  those  at  a  higher  level,  merely  relaid  at  a  lower  level 
as  the  excavation  of  the  valley  proceeded.  But  this  is  evidently 
not  the  case  in  this  instance.  One  sees  from  the  great  difference 
in  the  composition  of  the  grit  that  the  gravels  of  Moordown  and 
Winton,  in  the  Stour  valley,  are  quite  independent  in  their  origin 
of  those  of  Can  ford  Heath,  from  which  one  would  naturally  have 
imagined  them  to  have  been  derived. 

About  Moordown  there  is  a  very  well  developed  terrace  at  70  or 
80  feet  above  the  Eiver  Stour,  in  which  I  have  obtained  a  number  of 
Palaaolithic  implements,  both  pointed  and  ovate.  One  is  of  a  rather 
rare  type,  with  an  almost  adze-like  cutting  edge,  1§  inches  wide, 
the  whole  blade  being  6  inches  long  by  3J  inches  wide.  I  am 
not  aware  that  Palseolithic  implements  have  previously  been  re- 
corded from  this  locality.  Indeed,  Sir  John  Evans,  in  the  last 
edition  of  his  "Ancient  Stone  Implements  of  Great  Britain"  (1897, 
p.  634),  says  :  "  In  the  basin  of  the  Stour,  which  joins  the  Avon 
at  Christchurch,  but  one  discovery  has  been  made."  This,  he 
proceeds  to  say,  was  in  gravel  dug  near  Wirabome  Minster,  but  not 
in  situ.  In  the  gi'avel  of  Little  Down  Common  I  also  found  a  flake, 
though  I  visited  the  pit  but  once,  and  then  for  a  short  time  only ; 
I  have  no  doubt  that  a  more  extended  search  would  be  fully 
rewarded.  This  gravel  also  belongs  to  the  valley  of  the  Stour, 
and  the  grit  is  wanting  in  erratics. 

From  the  gravels  of  the  Western  Yar  about  Freshwater,  I  have 
obtained  a  number  of  much  abraded  brown  flints,  with  battered 
ddges,  resembling  the  so-called  *  Eolithic  *  implements  from  the 
ohalk  downs  of  Kent.  I  feel  no  little  hesitation  in  attributing  the 
majority  of  these  to  human  agency.  Both  from  Freshwater  and 
slsewhere,  I  have  Eolithic  types  (whether  they  be  implements  or 
act),  the  chippings  upon  which  are  contemporary  with  the  Kiver 
Drift  series  proper,  that  is,  later  than  the  earlier  Palaeolithic  forms.* 

*  There  is  danger  in  Tisitin^c  the  pits  on  the  summit  of  thia  hill,  owing  to  the 
jTOximity  of  the  ritle-hutts,  un<i  thero  is  nothing  to  warn  one.  I  narrowly  escaped 
)eing  shot  here  in  February  last. 

*  1  have  some  in  which  the  chippings  are  contemporary  with  Ne<iUlVsi<:. 
mplements. 
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So  that  the  finding  of  a  few  Eolithio  typee,  even  enppbeiii||[  tiun 
to  be  truly  worked  by  man«  would  not»  apart  from  other  evideno^ 
pzoye  any  great  aniiqaity.  A  oertain  namber  of  ondoubtod  ub^ 
plementa,  similar  to  the  (derived)  earlier  PahBolithio  types  of  the 
river  gravels,  have  oertainly  been  found  in  the  high-wm  drift  of 
Kent.  I  at  first  hoped  that  some  light  might  be  thrown  on  th* 
question  of  Eolithb  man  by  the  drift  on  Hi^  Down;  but  I  have,  at 
present  at  least,  no  evidence  to  o£Eer  bearing  very  direody  on  tlui 
problem. 


Shbbbobh's  Ihdbx  Ahduliuii. — ^Report  of  a  Oommitteot  oonsisthug 
of  Dr.  H.  WooDWABD  (Chairman),  Mr.  P.  L.  Bfojowm,  tbs 
Bev.  T.  B.  B.  Stsbbino,  Mr.  B.  HoL^ohlut,  Mr.  W.  EL  Hotkb> 
and  Mr.  F.  A.  Bather  (Seoretai^),  appointed  to  superintend  the 
Compilation  of  an  Lidez  Animalinm. 

THB  examination  of  the  literature  published  from  1758  to  1800 
indusive  has  been  continued  by  Mr.  0.  Davies  SherborSt  to 
whom  facilities  have,  as  heretofore,  been  granted  by  the  antfaoritiai 
at  the  British  Museum  (Natural  History).  Between  July,  1898; 
and  June,  1899,  he  has  seen  and  indexed  1,628  volumes  and  tiaota, 
and  has  now  reduced  the  list  of  desiderata  to  about  600  itema 
Of  these  soaroely  100  are  likely  to  be  of  any  importance  to  the 
systematic  zoologist ;  but  every  effort  will  be  made  to  consult  them, 
so  as  to  be  oertain  that  everything  has  been  recorded. 

The  Committee  desires  to  express  its  grateful  thanks  for  the  loan 
of  rare  and  valuable  books,  and  for  information  concerning  them,  to 
the  following : — The  Hof-nataralien  Kabinet  of  Vienna,  Dr.  Eduard 
Suess,  and  Dr.  Steindacbner ;  Dr.  F.  A.  Jentink,  of  Leyden ; 
Akademiker  F.  Schmidt,  of  St.  Petersburg ;  the  Stadt-Bibliothek  of 
Ziirich,  Dr.  Eschner,  and  Professor  Renevier;  the  Hon.  Walter 
Bothsohild  and  Mr.  Hartert;  Sir  Edmund  Loder;  Mr.  Du  Cane 
Godman  and  the  late  Mr.  0.  Salvin  ;  Lord  Walsingham  and 
Mr.  J.  H.  Durrant ;  Professor  Amalitzky,  of  Warsaw ;  Prof.  Anton 
Fritsch  and  Dr.  Jan  Pernor,  of  Prague  ;  Professor  Alfred  Newton ; 
Mr.  W.  E.  de  Winton  ;  Mr.  Gerrit  S.  Miller,  of  Washington ; 
Mr.  A.  0.  Seward,  of  Cambridge ;  and  Prof.  H.  A.  Miers,  of  Oxford. 
Dr.  Philippe  Dautzenberg,  of  Paris,  has  also  greatly  aided  the 
compiler  in  his  efforts  to  obtain  the  loan  of  a  rare  catalogue.  The 
editors  of  "  Nature  "  and  "  La  Feuille  des  jeunes  Naturalistes  "  have 
lent  valuable  aid  in  publishing  lists  of  desiderata.  Of  the  generosity 
of  the  Vienna  Kabinet,  the  Zurich  Library,  and  Dr.  Jentink,  all  of 
whom  have  sent  over  their  treasures  for  inspection,  the  Committee 
cannot  speak  too  highly. 

Again  the  specitd  and  hearty  thanks  of  the  Committee  are  due  to 
the  Zoological  Society  of  London  for  pecuniary  assistance,  which 
will,  as  in  the  past,  greatly  facilitate  the  work  of  procuring  access  to 
tbia  rare  literature. 
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The  referenoe  slips  themselves  are  now  in  alphahetioal  order,  and 
the  work  of  ohecking  previous  reference  books  and  of  eliminating 
duplicate  entries  will  be  proceeded  with  as  quickly  as  possible. 

The  following  reports  on  dates  of  publication  of  various  books 
have  been  published  by  Mr.  Sherborn  during  the  year : — 

De  Blainville,  "  Osteographie  "  :  Annals  and  Mag.  Nat.  Hist.  (7), 

ii,  1898. 
Hiibner,   **  Samml.   europaischer  Schmetterlingen " :    Annals   and 

Mag.  Nat.  Hist.  (7),  ii,  1898. 
0.  d'Orbigny,  "  Dictionnaire  Universel " :   Annals  and  Mag.  Nat 

Hist  (7),  iii,  April,  1899. 
Humboldt  &  Bonpland,   **  Obs.  de  Zoologie " :   Annals  and  Mag. 

Nat  Hist  (7),  iii,  1899. 
Lichtenstein,  **  Catalogus  rerum  naturalium  *'  :    Annals  an4  Mag. 

Nat  Hist  (7),  iii,  1899. 
'*  The  Dates  of  the  Palcontologie  Fran^aise " :  Oeol.  Mao.,  1899, 

pp.  223-225. 
Temminck  &  Laugier,  "  Planches  coloriees  "  :  Ibis,  Oct.,  1898. 

It  may  also  be  mentioned  that  Mr.  Sherborn  has  prepared  an 
''  Index  to  the  generic  and  trivial  names  of  animals  described  by 
LinnfBus  in  the  10th  and  12th  editions  of  the  Syatema  Natura/*  and 
the  thanks  of  zoologists  are  due  to  the  Manchester  Museum,  Owens 
College,  for  issuing  this  through  Messrs.  Dulau  &  Co.,  London,  as 
its  "  Publication  25." 

In  the  full  belief  that  the  first  section  of  the  Index  (1758-1800) 
will  soon  be  ready  for  publication  as  a  tangible  result  of  the 
compiler's  labours,  the  Committee  earnestly  recommends  its 
reappointment. 


I. — ^Thr  Scientific  Study  of  Scenery.  By  J.  E.  Marb,  M.A., 
F.B.S.  8vo ;  pp.  368.  (London  :  Methuen  &  Co.,  1900. 
Price  6«.) 

NOT  long  ago  we  had  the  pleasure  of  noticing  Mr.  Marr's 
admirable  introduction  to  **The  Principles  of  Stratigraphical 
Geology,"  and  now  students  of  the  physical  side  of  that  science 
are  to  be  congratulated  on  a  further  contribution  in  book  form  from 
the  same  pen. 

The  volume  is  described  in  the  Preface  as  "  An  introductory 
treatise  on  Geomorphology,  a  subject  which  has  sprung  from  the 
union  of  geology  and  geography."  It  is  a  terrible  word  to  hurl  at 
the  head  of  the  unoffending  general  reader,  whose  interest  in  the 
subject  the  book  is  intended  to  arouse,  and  we  fear  that  some  readers 
will  be  so  disheartened  at  the  outset  that  they  will  lay  down  the 
book  before  reading  the  first  chapter.  Fortunately  most  people 
avoid  the  preface  (we  do  so  ourselves)  and  begin  by  looking  at 
the  illustrations,  in  which  case  the  reader  is  sure  to  get  interested 
and  the  author  will  be  saved.     Unfortunately  '  j^hyaiolo^^ '  (j!sift 
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flbfieul  poftmnteau  word  for  physioal  geology)  baa  ftlraftdy  bwD 
),uid  tbe  meaning  of  the  term  'physiography'  has  apparently 
1  indaftniteiy,  like  the  atiiioaphere,  loaing  in  attrootiou  ae  it 
hnilito  and  further  from  any  "solid  ground.'  But  suwlj 
MDM  mor*  popular  term  might  be  found  for  the  Bci^nce  of  soenei;, 
,  'Aflar  •  Imrf  introduotion  on  the  attributes  of  Boeoery,  the  auUini 
ptooeedt  to  duouas  the  nature  of  tha  earth's  exterior,  wbioh  be 
•nnidMn  tmder  the  heads  of  Atuioapbere,  Hydroephere,  anij  Licha- 
■nlma;  tha  greater  part  of  chapter  ii  being  taken  up  with  lb« 
maarifUim  at  Ihe  mode  of  origin  of  the  rooks  composing  fii« 
Utbonben,  ud  the  changes  they  liare  subsequently  undergone 
ityomlon  Vtd  struoture. 

In  obwter  iii  vs  hxn  »  ihort  mhj  on  Um  vndMitM  tf 

•    •  ^-  ■      «Uitlo%f        ■ 


dooduDt  fbrau  dm  to  MBmmiktkB,  dmntitm,  ^legtmtm, 

•ouIptaTe,  and  the  Bimilari^  in  form  MNnad  hj  Ih* 

Sjan&fit»n,  and  litboapbam  k  rtw^y  anphiriNd 

howwar,  that  the  parallel  Inatitntad  betwaea  tha 

■ea,  aad  eatih'WBvaa  ia  opm  to  viaoonoaptloii,  i 

■dght  -nrj  MwUy  doae  the  book  with  tba  Mm  tfwt  Aa  fena  ttHm' 

aardi-waTea  waa  originatad  bj  taataorio  i^[ant^  at  te  tfaa  aaaa-af 


I  and  aaa-wavM,   whan'  ba  nada  on  p.  94,  "d^M*  tta 
«SMa  an  geoemllr  rimilac  to  thoae  pnwoead  oa  oow  wwi  If 


•ar^wavM  are  oarvad  out  hj  tha  gmnu 


ttie  wind." 

Obapter  iv  deals  with  the  atmoiphere.  but  ia  praotioaUjr  takaa  m 
with  a  deaor^tion  of  the  form  and  mode  of  origin  ot  olooda.  It  i> 
diffionlt,  no  doubt,  in  treating  of  a.  Bubjeot  like  Soenery  for  the 
antbor  to  deoids  exactly  how  mnch  to  take  the  reader  into  hi* 
oonfidenoe  regarding  the  oaases  whieb  produce  the  TiBible  effeotivs 
Boenery,  and  we  think  that  oompared  with  the  rest  of  the  Babjaoti 
dealt  with  in  the  book,  the  atmosphere  has  a  distinat  grioTanoe 
with  regard  to  the  space  allotted  to  it,  though  the  desoriptioQ  of  the 
TariouB  forms  of  clouds  is  unusually  clear  and  full. 

In  chapter  y  we  have  a  description  of  the  continents  and  ooeao 
basins.  In  the  oonsideratioD  of  their  main  features  the  antbor 
adopta  Profesaar  Lapwortb'a  very  auggestire  TiewB  &■  proponnded 
in  his  remarkable  address  to  Seotion  C  at  the  Edinburgh  Heating  of 
the  Britiah  Asaooiation.  If  the  exigencies  of  spaoe  penaittad  we 
should  like  to  see  the  enbjeot  of  this  chapter  dealt  with  at 
somewhat  greater  length.  We  have,  for  instanoe,  no  alloaion  to 
the  Hemihedral  Tetrabedral  theory  (of  Lowtbian  Green,  1875, 
and  J.  W.  Qregory,  1899),  wbioh  alone  attempts  to  aooonnt  br  the 
onriouB  wedge-like  termination  of  the  oontinenta  to  the  south. 

The  three  following  chapters  are  devoted  to  the  origin  and 
structure  of  momitaiDS,  the  first  being  oonfined  to  moontaios  of 
QpbeaTal,  among  which  the  '  Laocolite '  of  Gilbert  and  the  Alpine 
form  of  folding  of  Heim  are  taken  as  types;  moimtun  uplift 
generally  being  classified  under  symmetrioal,  unsymmetrioal  {tie), 
and  oompound  types.  The  second  of  this  group  treats  of  the 
aonlpture    of  monntaios,   Garestalling,  somewhat,  tha    subse^mnt 
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bhapter  on  the  formation  of  Talleys ;  and  the  last  of  the  ohapten 
on  monntains  deal  very  fully  and  clearly  with  the  origin  of  certain 
forma.  The  ohservations  on  p.  82  regarding  the  tendency  of 
vegetation  to  oonvert  the  typical  concave  denudation  curve  into 
a  oonvez  curve  is,  we  helieve,  here  suggested  for  the  first  time, 
and  a  study  of  photographs,  depicting  forest-dad  valleys,  appears 
oompletely  to  hear  out  tiiis  theory  of  Mr.  Marr.  Admirable  as 
is  the  description  of  the  development  of  a  typical  mountain  range, 
it  would,  we  think,  be  still  more  easily  followed  by  the  reader 
were  orographical  sketch-maps  of  the  Monta  Bosa  and  Scawfell 
districts  added  in  a  future  edition. 

In  the  chapters  which  follow  on  valleys,  the  reader  is  introduced 
to  the  latest  American  nomenclature  of  consequent,  subsequent, 
obsequent,  inconsequent,  and  antecedent  valleys ;  corrasion,  com- 
minution, peneplain,  etc.  Many  of  these  terms  are,  no  doubt, 
useful,  but  it  is  interesting  to  note  that  the  very  inexpressive  term 
'  watershed '  is  still  retained,  and  that  no  Anglo-Saxon  word  has  yet 
been  coined  to  denote  the  course  of  a  river  represented  by  the 
German  word  '  Thalweg.' 

Ohapters  xi  and  xii,  which  deal  with  lakes,  are  perhaps  the  most 
interesting  in  the  book,  our  author  himself  having  written  largely 
on  the  subject,  and  being  our  greatest  authority  on  our  own  lake 
district  In  this  connection  we  are  glad  to  see  Mr.  Marr  referring 
to  the  work  of  that  excellent  old  author  Jonathan  Otley. 

The  chapters  on  Plains  and  Deserts  are  also  very  fully  treated 
of,  and  a  long  way  ahead  of  the  chapters  on  these  subjects  usually 
found  in  textbooks ;  in  fact,  it  is  wonderful  bow  much  up-to-date 
information  the  author  has  compressed  into  his  little  book. 

The  chapters  devoted  to  Ice  are  perhaps  a  little  curtailed  compared 
with  other  portions  of  the  subject,  and  we  would  call  attention  to 
the  scant  notice  given  to  the  work  of  avalanches,  although  it  has 
been  estimated  by  Inspector  Coaz  that  one-third  of  the  snow  which 
annually  falls  on  the  St.  Gothard  range  is  removed  by  avalanches. 
We  should  like  also  to  see  a  reference  to  Heim's  work  on 
'  Gletscherkunde '  and  the  observations  of  the  Bbone  Glacier 
Commission.  Upon  the  vexed  question  of  the  coincidence  of  lake 
basins  and  ancient  glaciers,  we  are  glad  to  see  Mr.  Marr  reminding 
his  readers  of  a  fact  long  ago  pointed  out  by  Sir  Charles  Lyell,  viz., 
that  in  a  region  undergoing  elevation  glaciation  will  often  prevent 
the  water-ways  from  being  kept  open  by  rivers  during  the  uplift; 
and  in  this  way  lakes  may  be  formed.  Such  lakes,  then,  will  be 
oaused,  not  by  the  erosion  of  ice,  but  by  the  absence  of  erosion 
by  water,  owing  to  the  presence  of  the  ice. 

The  book  has  been  designed  to  interest  the  general  reader  as  well 
as  to  assist  the  student,  and  the  changes  of  styles  in  neighbouring 
paragraphs  are  in  consequence  perhaps  occasionally  rather  abrupt. 

On  the  whole,  if  we  might  offer  a  suggestion  on  what  is  evidently 
a  very  conscientiously  written  work,  it  would  be  in  favour  of 
a  somewhat  less  technical  treatment,  with,  however,  full  references 
to  works  where  the  details  of  the  subject  ma^  b^  Q0ii^\3\^^^\^'dx>si^ 
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in  mind  the  requirements  of  the  intelligent  general  reader  whom 
it  is  desired  to  convert  into  a  student  of  the  suhject.  That  the 
Avriter  is  imbued  with  a  true  love  of  scenery  is  abundantly  evident 
in  many  passages,  and  the  feeling  of  the  book  is  througfaont 
conceived  in  the  spirit  of  such  classical  exponents  of  the  soientifb 
beauties  of  scenery  as  Forbes,  Tyndall,  Buskin,  and  Geikie ;  and  in 
passages,  as  for  instance  on  p.  201,  in  which  the  play  of  coloun 
observed  on  Windermere  is  described,  and  again  in  his  concluding 
chapter  on  the  preservation  of  natural  beauties,  the  author  shows 
himself  capable  of  the  highest  appreciation  for  the  poetry  of  his 
subject 

The  verbal  slips  in  the  book  are  few  and  insignificant.  We  would 
call  attention  to  '  windward '  on  p.  264,  for  which  '  lea  ward* 
is  evidently  intended ;  the  letter  S  has  been  omitted  in  fig.  14, 
although  alluded  to  in  the  legend  ;  it  would  facilitate  reference  from 
the  text  if  the  plates  were  numbered ;  on  p.  273  the  reader  might 
conclude  that  the  hexagonal  and  rhombohedral  systems  were 
separate  and  distinct.  In  alluding  to  the  evaporation  of  snow 
and  camphor  the  process  is  referred  to  as  '  sublimation.*  In  Watt's 
Dictionary  of  Chemistry  sublimate  is  defined  as  ''  a  body  obtained  in 
the  solid  state  by  the  cooling  of  its  vapour."  Again,  on  p.  278  we 
have  a  curious  sentence  on  the  angle  of  accumulation  of  snow  which 
concludes  ^*  the  latter  *'  (the  aiguilles),  **  being  at  an  elevation 
inferior  to  that  of  the  topmost  dome."  Surely,  as  the  Grermans  say, 
"  das  versteht  sich." 

The  photographic  illustrations  have  been  carefully  selected  and 
excellently  reproduced ;  they  are  all  to  the  point,  and  fully  described 
in  the  text,  an  innovation  on  the  usual  method,  on  which  we  beg  to 
congratulate  the  author,  as  indeed  wo  do  most  heartily  on  the  whole 
work,  and  wo  recommend  it  most  thoroughly  to  all  true  lovers  of 
scenery,  both  general  and  scientific. 

II.  —  Correlation  between  Tertiary  Mammal  Horizons  of 
Europe  and  America.  An  Introduction  to  the  more  exact 
Investigation  of  Tertiary  Zoogeography.  Preliminary  Study 
with  Third  Trial  Sheet. — Two  Presidential  Addresses  before  the 
New  York  Academy  of  Sciences. — By  IIenry  Fairfield  Osborn. 
(Annals  N.Y.  Acad.  Sci.,  vol.  xiii,  No.  1,  pp.  1-72,  July  21, 1900.) 

WE  heartily  agree  with  Professor  Osbom  that  no-one  can  oppose 
the  immediate  adoption  of  the  fundamental  principle  that  the 
old  and  new  world  pal^eontolog}'  should  be  studied  as  a  unit: 
although  considerable  time  must  elapse  before  a  consensus  of  opinion 
can  be  arrived  at,  there  is  no  doubt  that  the  best  way  is  to  set 
to  work  viribus  unitis.  Professor  Osbom  has  taken  the  lead,  and 
well  he  may  ;  for  he  is  better  acquainted  with  the  Tertiary  mammal 
horizons  of  Europe  than  any  one  of  his  European  colleagues  with 
those  of  the  new  world. 

In  1897  and  1S98  he  drew  up  and  circulated  for  criticism 
amongst  old-world  palasontologists  two  successive  trial  sheets 
**  of  the   typical  and  homotaxial  Tertiaiy  horizons  of    Europe " ; 
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a  third  trial  sheet  was  issued  in  oonnection  with  the  first  of  the 
two  addresses  ahove  quoted.  We  here  transcrihe  the  **  Preliminary 
Table  of  European  and  Amerioan  Tertiary  HorizonSi"  being  an 
abbreviation  of  the  third  trial  sheet 


Ltbll'8  Stbtbm. 

i  Upper: 
Middle: 
Lower: 

i  Upper: 
Middle 
Lower: 

(  Upper : 
]  Middle; 
(  Lower : 

Upper: 


Appboximatb  Axs&xcan  Parallbls. 


Pleistocene 


Pliocene 


Miocene 


Oligocene 


Eocene 


Po€t>Glacial 

Glacial  and  Interglacial 

Pregladal       

Sicilien  

{Astien. 
Plaisancien. 
Messinien        

Tortonien 

;  Helvetien       

Langhien        

Aqoitanien      

{Stampien  ) 
Infra  Tongrien  j      •• 

Ligurien  

{Bartonien       
LuWtien         

Suessonien       

{Thanetien      
Montien 


P  Equus  beds. 
?  Blanco. 

Upper  Lonp  Fork. 

Loup  Fork. 

Lower  Loup  Fork  and 

Upper  John  Day. 

Lower  John  Day  {Dieeratherinm 
Layer). 

White  River. 

Bridger  and  Uinta. 
Lower  Bridger. 
Wind  River. 
Wasatch. 
Torrejon. 
Puerco. 


''  In  all  the  levels  above  the  Stampien  the  parallels  are 
imperfectly  established."  "Our  Pliocene  record,  as  compared 
with  the  magnificent  Pliocene  of  Europe,  is  extremely  meagre, 
and  our  Miocene  succession,  rich  as  it  is,  is  not  as  fully  understood 
as  the  Miocene  of  France." 

In  Part  I  the  parallels  between  Tertiary  horizons  are  discussed. 

The  Burdigalien,  Lower  Miocene,  calls  for  a  few  remarks.  Gaudry 
was  the  first  to  place  the  Calcaire  de  Montabuzard  and  the  Sable» 
de  rOrUanais  in  a  lower  level  than  Sansan,  '  Anthracotherium'  not 
being  found  and  the  ruminants  being  more  evolved  in  the  Sansan 
deposit.  The  Proboscidea  and  Monkeys  appear  for  the  first  time,  no 
trace  of  them  being  found  in  the  Upper  Oligocene  (Saint- Gerand-le- 
Puy,  etc.). 

Owing  to  the  extreme  scarcity  of  the  Burdigalien  fossils  in  other 
than  a  few  French  museums,  most  palsdontologists  were  prevented 
from  forming  an  opinion  of  their  own  ;  the  Burdigalien  for  these 
reasons  was  omitted  from  the  **  Table  of  Contemporary  Deposits, 
with  their  Characteristic  Genera  of  Mammalia,"  published  in  the 
Geological  Magazine  (1899,  p.  61).  The  general  tendency  has  been 
to  leave  the  Sables  de  VOrleanaia  in  the  same  horizon  as  Sansan, 
La  Grive,  Steinheim,  with  which  they  were  and  still  are  supposed 
to  share  such  characteristic  Tortonien  species  as  JDinotherium 
havaricumy  Mastodon  angusiidens,  and  Anchiiherium  aurelianense. 
The  more  recent  researches  of  Deporet,  the  results  of  which  are 
endorsed  by  Osborn,  have  confirmed  Gaudry*s  views.  Some 
vertebrates  from  the  Burdigalien  of  Moghara  (Lower  Egypt) 
have  of  late  been  described  by  Andrews. 
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The  Bnrdigalien  buna  will  donbtleas  appear  more  diatiiiot  whea 
tihe  remains  of  the  abore-mentioned  genera  and  othen  ha^  been 
more  closely  examined. 

Boih  the  Probosoideans  from  the  8abte$  ie  TOrUamA,  mentionsd 
above»  are  smaller  than  the  speoiee  of  the  Tortonien  from  whiok 
their  names  have  been  borrowed ;  forihermorey  the  Di$ioAenum  of 
the  Bardigalien  received  a  speoifio  name  (J9.  Ckmm,  Kanp)  long 
aga  The  late  Abb^  Bourgeois*  oolleotion  in  the  College  of 
Pontlevoj  (Loir»et-Oher)  oontains,  it  is  true,  in  addition  to  nndoabtad 
Bardigalien  forms,  several  Ifostocbii-teetlk  from  the  Fislnns  of 
Pontlevoj  and  Thenay,  whioh  seem  indistingnishable  from  thoM 
of  MoBtodon  anguitid^.  The  Faluns  belong  to  the  Helvetieo, 
and  the  presence  of  Burdigalien  forms  must  be  aooonnted  for  bj 
supposing  that  they  have  been  derived  from  that  deposity  the  fannm 
in  fact,  apparently  including  both  derived  and  contemporary  form 
of  terrestrial  Mammalia. 

The  Anehiiherium  was  named  (A,  aturdiameue)  after  the  speoimeni 
from  the  Caleaire  de  Moniabvzard ;  the  detailed  descriptions  are 
based  on  specimens  from  the  Tortonien.  The  Anekitherium  remsim 
from  the  Sablei  de  VOrUanaiM  will  presumably  prove  to  be  a  Im 
specialized  stage  in  the  Equine  series  than  those  of  the  Tortonien. 

As  to  the  Said89  from  the  8a!ble9  de  rOrUamaie^  thqr  have  been 
shown  by  H.  Stehlin  to  be  distinct  from  those  of  the  Aquitanien 
as  well  as  from  the  Tortonien  Suidaa. 

•  The  Lagomorphoos  Rodent  of  the  Burdigalien  is  not  a  TYtanoiiiyi, 
for  it  has  rootless  cheek-teeth ;  it  is  not  a  Prolagus,  for  its  lower 
cheek-teeth  are  ^yQ  in  number,  not  four.  In  the  above  characten 
and  in  the  general  oonformation  of  the  upper  middle  premolar, 
it  agrees  with  Lagopsts  and  Lagomys.  But  it  differs  from  Lagomp 
and  from  the  only  known  species  of  Lagoptia  (Z.  verus  from  the 
Tortonien)  in  the  pattern  of  the  anterior  lower  premolar.  ■ 

Part  II  deals  with  the  "  Faunal  Relations  of  Europe  and  America 
during  the  Tertiary  Period  and  Theory  of  the  successive  invasions 
of  an  African  Fauna  into  Europe."  In  the  chapter  "Tertiary 
Geographical  Distribution"  we  notice  the  omission  of  two  important 
papers  bearing  on  the  subject  Referring  to  the  hypothetical 
"Continent  Antarctica,"  the  author  says:  "Following  Blanford 
(1890),  Forbes  (1893)  made  the  first  strong  plea  for  this  continent" 
The  first  strong  plea,  and  with  several  sounder  arguments  than 
some  of  those  advanced  in  recent  years,  was  made  as  long  ago  as 
1867  by  Riitimeyer/  whose  masterly  sketch  is  at  the  same  time  the 
strongest  possible  appeal  to  set  zoogeography  on  a  palsdontological 
basis.  Riitimeyer  ultimately  divides  the  world  in  a  northern  and 
southern  division  (op.  cit,  p.  15  and  map),  which  do  not  quite 
coincide  with  the  Northern  and  Southern  Hemisphere,  and  are 
therefore  in  better  agreement  with  the  known  facts  than  Huxley's 
Arciogaa  and  Notogaa  (1868).  Riitimeyer's  dual  division  is  also 
more  consistent  with  the  hypothesis  of  an  Antarctic  continent  than 
Blan  ford's  three  divisions. 

I  «*  Ubcr  die  HirbmHxauieraiTVikEnt<^\.  lEoiu^  v^^gy^^Gns^coai^^ad^    (1867). 
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Osbom's  theory  of  successive  invasioDs  of  an  African  fauna  into 
Europe  seems  at  first  sight  a  very  bold  one.  "It  thus  appears 
that  the  Proboscidea,  Hyracoidea,  certain  edentata,  the  antelopes, 
the  gira£fes,  the  hippopotami,  the  most  specialized  ruminants,  and 
among  the  rodents,  the  anomalures,  dormice,  and  jerboas,  among 
monkeys  the  baboons,  may  all  have  enjoyed  their  original  adaptative 
radiation  in  Africa.*'  Three,  or  rather  four,  successive  migrations 
are  supposed  to  have  taken  place,  the  first  in  the  Upper  Eocene, 
the  last  in  the  Upper  Pliocene.  A  similar  theory  cannot,  of  course, 
be  imagined  if  the  permanence  of  continents  and  oceans  is  main- 
tained, so  that  Osbom's  theory  is  in  the  main  a  clever  elaboration  of 
the  '  Lemuria'  hypothesis,  in  its  original  form,  as  conceived  by  P.  L. 
Sclater.^  This  is  the  second  of  the  two  papers  above  referred  to  as 
having  been  omitted  by  the  author.  A  southern  origin  has,  moreover, 
been  advocated  for  the  Probosoidea  in  Neumayr's  *'  Erdgeschichte," 
and  for  the  CercopithecidaB  in  the  Geoloqigal  Magazine  (1896, 
p.  436),  partly  with  the  same  arguments  advanced  by  Osbom  (p.  58). 

But,  if  South  Africa  is  a  great  centre  of  independent  evolution 
(p.  57),  and  has  supplied  South  America  with  the  edentates,  as  well 
as  the  "  stem  forms  of  its  Ungulates  "  (p.  54),  why  leave  it  in  the 
Arctogsea,  whilst  '  Neogala '  is  made  to  stand  apart  ?  This  is  our 
reason  for  objecting  to  '  NeogsBa.'  C.  F.  M. 


III.  —  Annual  Report  of  the  Boabd  op  Regents  op  the 
Smithsonian  Institution  for  the  Year  ending  June  30,  1897. 
8vo ;  pp.  38  and  1,024.  S.  P.  Langley,  Secretary  Smithsonian 
Institution.     (Washington,  1899.) 

Part   I.     Report  upon   the   Condition   and   Progress   of   the   U.S. 

National  Museum  during  the  year  ending  June  30,  1897,   by 

Charles  D.  \Valcott,  in  charge  of  the  U.S.  National  Museum. 

pp.  1-246. 
Part  II.   Papers  Describing  and  Illustrating  Collections  in  the  U.S. 

National  Museum. 

(A)  Recent  Foraminifera.  A  descriptive  Catalogue  of  specimens 
dredged  by  the  U.S.  Fish  Commission  Steamer  "Albatross,"  by 
James  Flint,  M.D.,  U.S.  Navy,  Hon.  Curator  Division  of  Medicine, 
U.S.  National  Museum,     pp.  247-350,  and  80  plates. 

(B)  Pipes  and  Smoking  Customs  of  the  American  Aborigines,  based 
on  material  in  the  U.S.  National  Museum,  by  Joseph  D.  McGuire, 
Ellicott  City,  Maryland,  pp.  351-G46,  4  plates,  a  frontispiece, 
and  239  figures  in  the  text. 

(C)  Catalogue  of  the  series  illustrating  the  Properties  of  Minerals, 
by  Wirt  Tassin,  Assistant  Curator  of  Mineralogy,     pp.  647-688. 

(D)  Te  Pito  Te  Henua,  known  as  Rapa  Nui ;  commonly  called 
Easter  Island,  South  Pacific  Ocean.  Latitude,  27^  10'  S. ;  longitude, 
109^  26'  W.     By  George  H.  Cooke,  Surgeon  U.S.N,    pp.  689-724. 

*  **  The  Mammals  of  Madagascar  "  :  Quart.  Journ.  Science,  toI.  i,  pp.  213-219 
(1864).  The  four  cautiously  worded  deductions  at  which  Sclater  amved  ma^  \» 
almost  entirely  endorsed  at  the  present  day. 
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(E)  The  Man's  Enife  among  the  North  American  Indians,  a  stadj 
in  the  oollection  of  the  U.S.  National  Museum,  by  Otis  Tufton 
Mason,  Curator  Division  of  Ethnology,  pp.  725-746,  with  17 
illustrations. 

(F)  Classification  of  the  Mineral  Collections  in  the  U.S.  National 
Museum,  by  Wirt  Tassin.    pp.  747-810. 

(O)  Arrow  -  points,  Spear -heads,  and  Knives  of  Prehistorio 
Times,  by  Thomas  Wilson,  LL.D.,  Curator  Division  of  Prehistoric 
ArchaBology,  U.S.  National  Museum,  pp.  811-988,  65  plates,  and 
201  illustrations  in  the  text.  pp.  989-1022  are  devoted  to  a  general 
index  to  the  whole  volume. 

The  Board  of  Begents  of  the  Smithsonian  Institution  are  to  be 
congratulated  upon  the  production  of  an  imperial  octavo  volume  of 
1,062  pages,  embracing  a  report  upon  the  Museum,  with  seven 
memoirs  describing  and  illustrating  various  sections  of  the  National 
Collection,  four  of  which  are  profusely  and  beautifully  illustrated 
by  149  plates  and  457  process-block  illustrations  in  the  text 

Part  I. 

The  Beport  itself  occupies  246  pages,  and  is  drawn  up  by 
Mr.  C.  D.  Walcott,  the  Acting  Assistant  Secretary  in  charge  uf  the 
U.S.  National  Museum.  The  Depsirtments  are — Anthropolooi, 
with  17  curators  and  assistants ;  Animal  Biology,  with  27  curators 
and  assistants  and  3  honorary  associates  ;  Division  of  Plants 
(National  Herbarium),  with  8  curators  and  assistants;  Gkolooy 
and  Mineralogy,  with  18  curators  and  assistants.  The  administra- 
tive staff  is  represented  by  Mr.  S.  P.  Langley,  the  Secretary  and 
Keeper ;  Mr.  C.  D.  Walcott,  Acting  Assistant  Secretary  ;  Mr.  F.  W. 
True,  Executive  Curator  ;  and  a  staff  of  ten  officers,  including 
a  photographer,  a  registrar,  two  librarians,  an  editor,  a  chief  of 
correspondence  and  documents,  and  a  chief  of  buildings. 

Here  is  a  sample  of  the  icork  of  the  Museum,  During  the  year 
covered  by  this  report  nearly  27,000  geological  and  biological 
specimens,  setected  from  the  duplicates,  were  distributed  to  uni- 
versities, colleges,  and  schools.  The  publications  of  the  Museum 
were  also  distributed  at  home  and  abroad.  Identification  of  speci- 
mens is  also  undertaken,  except  when  analyses  of  geologiciil 
specimens  are  desired ;    these  the  Museum  cannot  perform. 

Letters  containing  requests  for  information  on  every  conceivable 
topic  are  all  carefully  answered.  These  number  from  12,000  to 
15,000  a  year.  Public  lectures  are  also  frequently  provided,  or  the 
lecture-hall  placed  at  the  disposal  of  Societies  desiring  to  hold  their 
meetings  in  the  Museum. 

To  sum  up,  the  aims  of  the  U.S.  National  Museum  are  to  promote 
the  advancement  of  scientific  research  (1)  through  the  medium  of 
the  collections  exhibited ;  (2)  by  affording  to  specialists  access  to 
the  'reserve'  collections;  (3)  by  the  idontificiition  of  specimens; 
(4)  through  the  agency  of  the  library ;  (5)  by  the  donation  of 
specimens  to  educational  institutions ;  (G)  by  the  donation  of  its 
publications;    (7)    by  \la  Yeclwx^i  ^o\\\^^^*,  ^ud  (8)    by  imparting 
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speoiftl  information  through  correspondence.  Such  is  an  epitome 
of  the  work  carried  out  by  the  U.S.  National  Museum  under  the 
direction  of  the  Smithsonian  Institution. 

An  annual  report,  however  good  and  satisfactory,  is  generally 
admitted  to  be  a  somewhat  dull  but  necessary  document,  and 
certainly  not  to  be  classed  with  novels  and  such  light  literature 
as  holiday  reading :  but  behind  the  report  come  seven  admirably 
prepared  memoirs,  which  the  authors  have  endeavoured  to  render 
as  attractive  as  possible,  not  only  by  the  varied  subjects  treated  of, 
but  in  several  instances  by  the  excellent  and  abundant  illustrations 
given. 

Pabt  II. 

(A)  Dr.  James  M.  Flint,  of  the  U.S.  Navy,  furnishes  a  descriptive 
catalogue  of  the  Foraminifera  dredged  by  the  U.S.  steamer 
**  Albatross."  Materials  from  about  125  stations  have  been  carefully 
studied,  and  specimens  from  more  than  one  hundred  localities  have 
been  preserved  and  identified.  Fifty-eight  localities  are  in  the 
North  Atlantic  Ocean,  twenty-one  in  the  Oulf  of  Mexico,  seven  in 
the  Caribbean  Sea,  one  in  the  South  Pacific,  and  five  in  the  North 
Pacific.  The  depths  vary  from  7  to  2,512  fathoms.  The  illus- 
trations are  all  made  from  mounted  specimens  on  exhibition  in 
the  U.S.  National  Museum,  and  have  a  uniform  enlargement  of 
about  fifteen  diameters  ;  by  this  plan  they  mark  distinctly  the 
relative  size  of  the  objects.  The  classification  followed  is  that  of 
the  late  Mr.  H.  6.  Brady  in  his  Report  on  Foraminifera  collected 
by  H.M.S.   "Challenger." 

The  series  are  mounted  expressly  for  the  public,  the  specimens 
of  each  species  being  attached  to  the  bottom  of  a  shallow,  concave, 
blackened  disk  of  brass,  arranged  in  concentric  rows  upon  a  large 
circular  metal  plate  forming  the  stage  of  an  ordinary  microscope. 
The  circular  plate  has  a  rotary  and  a  to-and-fro  movement  by  means 
of  a  friction  roller  and  a  rack  and  pinion,  so  that  all  the  mounts 
may  be  successively  brought  under  the  microscope.  The  apparatus 
has  been  in  use  by  the  public,  both  by  adults  and  children,  and 
has  stood  very  severe  tests  successfully  for  seven  years,  with  only 
the  occasional  presence  of  an  Attendant  in  the  room. 

Dr.  Flint  gives  a  description  of  what  Foraminifera  are,  which 
would  do  admirably  for  a  popular  guidebook.  He  then  proceeds 
to  explain,  simply  and  clearly,  how  these  minute  shells  are  to 
be  mounted  and  how  sections  may  be  prepared.  For  the 
literature  he  refers  to  Carpenter's  "  Introduction  to  the  Study  of 
the  Foraminifera,"  to  Brady's  Report  on  the  Foraminifera  collected 
by  H.M.S.  "Challenger," and  to  C.  Davies  Sherbom's  "Index  to  the 
Genera  and  Species  of  the  Foraminifera."  Then  comes  an  analytical 
key  to  the  families,  followed  by  a  descriptive  catalogue  of  the  genera 
and  species.  The  eighty  plates  are  superb,  and  demonstrate  what 
can  be  satisfactorily  done  by  photography  direct,  without  the  inter- 
vention of  any  artist.  The  photographs  are  only  *  processed,'  and 
then  printed  on  good  plate  paper. 


fn»flgureB  of  AttrorhUa  (platea  i-iii),  whose  cbambera  and  tnbw 
we  bnflt  up  of  agglutinated  grains  of  sand,  are  remarkably  effeotire, 
M  an  also  thoBe  of  Pilulina  Jeffreysi.  Where  alt  are  so  escelbot  it 
irsvld  te  difficult  to  epecially  select  for  praise  certain  plates  ;  but  <n 
HMymeution  Jteopkax  (plates  xvi-xviii),  Ilaptophragminm  (six-iji), 
AmmdUeas  (xxiii),  Eormotiaa  (xxv),  G/dammina  (xxvii),  Gaadrym 
(xxxli!),  ClaeuUna  (xsxiv-ssxvi),  BilocuUna  (xxxviij-xl).  Spirit- 
ImAm  (xlii,  xliii),  PeneropUi  (xlis),  OrbHoides  (l-lii).  Jiodo»ari» 
nvAftS,  Buperb),  OriatiUaria  (livi,  Ixvii),  Putcinuli'na  (Ixxr), 
BoUKa  (Ixxvi).  We  agree  with  Ibo  author  in  thinking  tUat  some  ot 
tb»  more  miDUte  forms,  such  as  Truneatulina,  Anotaalina,  Ditcorbha, 
Vwigeriaa,  ola.  would  ha-ve  shown  to  greater  adTantage  if  they  hud 
been  magnified  moie  highly,  bat  thft  woA  ia,  ■■  »  wbob^  mai 
•zoeUeot 

(B)  TTodei  the  dividon  of  Ethsologj  Mr.  Joseph  D.  McGnin 
girea  va  an  intereetiiig  and  ireU-illaati^ted  memoir  on  ■■  Tipes 
and  Smoking  Ooatoma  of  the  Amerioan  AboHginea,"  based  oa 
matariala  in  the  VA  Nationil  Uoaeiim  and  elsewhere.  There  an 
SS9  iUnatrations  of  pipea  in  Qie  text,  a  frontispiece,  and  i  mapi 
ahowing  die  diitribntion  of  objeota  over  the  United  States. 

Tobaooo  cannot  be  oonsidered  a  geological  prodoot  (alOniA 
1«)^;  oonamned  by  geologiata  I),  yet  the  matecial  oat  ot  whnh 
the  ancient  stone  jdpee  of  North  Amedo*  wen  ma&tdhdfenrad  la  net 
without  inteieet,  from  a  8tTi<^y  aoientifio  point  of  view,  to  noa  emofcaii 
among  geologists  and  antiquaries.  Indeed,  in  fig.  64  ia  depiottd 
a  foasil  pipe  &om  Pottawatomie,  Kansas,  made  of  the  onter  whotl  ot 
an  Ammonite  (probably  Sehlcenbaehia  Permiana  or  aeuticarinala), 
the  shape  of  which  probably  attracted  the  curiosity  of  the  Indinnt. 

Another  material  largely  naed  was  'Catlinite,'  a  red  day  foiming 
beds  of  considerable  extent  in  Pipestone  County,  in  the  eoutb- 
westem  part  of  Minnesota  (named  after  the  writer  on  the  American 
Indians,  George  Gatlin).  In  addition,  we  may  quote  banded  grera 
slate,  steatite,  greenstone,  a  ooncretion,  volomic  tuff,   sandstooe, 

fiipe  of  stalagmite,  of  mica,  obsidian,  jade,  porphyry,  and  Oolitic 
imestone  as  among  the  materials  used.  But  olay  of  variona  kinds 
(moulded  and  afterwards  kilned)  was  also  very  largely  in  demand. 

Of  the  figure  pipea  many  were  no  doubt  'totems*  of  the  tribes, 
as  the  hawk,  d<^,  frog,  turtle,  raccoon,  eagle,  dock,  pigeon,  swan, 
snake,  human  hands  and  head.  A  pipe  shaped  like  an  elephant' 
is  very  puzzling,  far  it  implies,  if  genuine,  that  the  designer  wu 
acquainted  with  the  animal,  which  seems  incredible  for  a  Hound' 
Indian  of  Iowa,  or  that  it  was  of  later  dale,  in  fact  a  Europesn 
workman's  fabrication  of  the  same  dishonest  type  as  the  'antiquitiet' 
made  by  the  celebrated  English  impostor  known  as  '  Flint  Jack.'  Of 
other  materials  for  the  manufacture  of  pipes  we  may  mention  wood, 
wood  and  stone,  wood  and  lead  pipe,  a  combioation  of  clay,  copper, 
and  wood,  a  pipe  of  willow,  a  pipe  of  bone,  of  copper,  of  lead, 
a  combination  of  stone  and  bone,  a  bronze  pipe,  a  brt^ed  iron  ptpSr 
'  Conld  it  tUTe  been  s  mammath  ot  >  mutedon  which  the  artiit  hid  sera,  ot  ww 
itt  modem  Indian  eUphuLt^a^udcQfM&f 
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a  tomahawk  and  pipe  combined  of  iron  or  steel.  The  simplest  form 
of  pipe  known  is  that  in  use  in  Ladak  and  Thibet,  where  the  natives, 
in  travelling,  make  a  small,  smooth  hole  in  the  ground,  which  they 
fill  with  tobacco,  and  then  make  a  connecting  hole  through  which 
they  draw  the  smoke  directly  into  the  mouth,  the  ground  itself 
serving  the  part  of  a  pipe.  The  present  writer  was  informed  by 
Sir  John  Kirk  that  the  Kaffirs  in  East  Africa  do  precisely  the  same 
when  travelling;  the  ground  being  first  wetted,  then  the  bowl  is 
formed  by  the  thumb  being  pressed  vertically  into  the  earth,  and  the 
tabe  for  inhaling  the  smoke  is  made  by  the  little  finger,  which  is 
pressed  in  obliquely  until  it  touches  the  base  of  the  larger  hole. 

Of  the  religious,  civil,  military,  trade,  and  domestic  functions  in 
which  the  'calumet'  or  peace-pipe  was  introduced  amongst  the 
North  American  Indians,  forming  an  important  part  of  all  such 
ceremonies,  let  those  who  are  interested  to  learn,  read  Mr.  Joseph 
MoGuire's  admirable  memoir.  We  have  room  for  only  one  quotation 
by  way  of  illustration :  **  In  1682,  when  William  Penn  landed  in 
New  Jersey,  he  received  the  lighted  calumet  or  pipe,  which  was 
smoked  out  of  by  all ;  the  great  sachem  first  taking  a  whiff,  then 
William  Penn,  and  subsequently  the  sachems  and  warriors  and 
squaws  of  every  tribe.  A  second  smoke  closed  the  bargain  for  the 
purchase  of  land;  and  300  tobacco  pipes,  100  hands  of  tobacco, 
20  tobacco  boxes,  and  100  Jew's-harps  were  a  portion  of  the  articles 
given  in  exchange  "  (p.  461).  We  had  no  idea  that  the  jew's-harp, 
or  indeed  any  other  musical  instrument,  had  been  '  traded '  by  the 
Quakers  to  the  North  American  Indians.  It  suggests  that  our  quiet 
friends  must  have  secretly  had  a  taste  for  music,  even  two  hundred 
years  ago ! 

(C)  The  next  memoir  is  a  catalogue  illustrating  the  properties 
of  minerals,  by  Wirt  Tassin,  Assistant  Curator,  Department  of 
Mineralogy,  Smithsonian  Museum. 

The  plan  of  arrangement  followed  deals  with  (1)  chemical 
mineralogy,  such  as  the  chemical  composition  or  atomic  structure 
of  a  mineral  and  the  chemical  relations  of  the  several  kinds  of 
minerals  ;  and  (2)  physical  mineralogy,  which  treats  of  those 
properties  relating  to  form  or  molecular  structure  of  a  mineral, 
and  the  action  of  the  various  physical  forces  upon  the  several 
kinds  of  minerals. 

Under  chemical  mineralogy  the  author  treats  of  the  elements,  and 
explains  that  all  minerals  are  composed  of  either  an  element  alone 
or  two  or  more  elements  in  combination;  that  such  combinations 
of  simple  substances  may  produce  a  new  substance,  diflfering  from 
and  possessing  properties  not  the  mean  of  those  of  its  constituents. 
This  is  illustrated  by  the  gases  hydrogen  and  oxygen,  which  under 
proper  conditions  combine  to  form  water,  a  liquid.  Then  follow 
examples  of  various  minerals,  as  zinc  and  its  combinations,  tin 
and  its  combinations,  lead  and  its  combinations,  sulphur  and  its 
combinations,  iron  and  its  combinations,  and  so  on.  The  author 
next  gives  types  of  minerals  and  examples  of  native  elements,  as 
carbon,  sulphur,  the  metals  platinum,  mercury,  copper,  silver,  and 
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gold,  and  the  alloyB  of  each.  Next  the  yariaUons  ia  oompositioii 
are  considered,  and  the  relation  of  water  to  composition  and  to 
physical  properties;  then  the  relation  of  composition  to  physical 
properties,  such  as  density,  magnetism,  and  lastre. 

Physical  mineralogy  is  next  treated  of,  and  we  have  a  brief  essay 
on  the  crystal,  on  crystallographic  axes,  on  crystal  form  and 
crystal  systems,  etc. ;  characters  relating  to  cohesion  and  elasticity, 
characters  depending  upon  mass  or  volume ;  properties  relating  to 
heat,  magnetism,  and  electricity;  optical  characters  depending 
upon  the  action  of  light,  eta,  and  characters  depending  upon  the 
action  of  the  senses,  as  touch,  taste,  odour ;  and  lastly,  on  resistanoe 
to  chemical  action. 

(F)  By  an  accident  of  arrangement,  Mr.  Wirt  Tassin's  second 
part,  **  Classification  of  the  Mineral  Collections  in  the  U.S.  National 
Museum,''  has  been  separated  by  the  interpolation  of  two  other 
essays  (D  and  E) :  we  will,  however,  notice  this  part  (F)  next  to 
part  C.  Classification  1,  Elements.  Of  the  seventy  or  more 
elements  at  present  known  to  chemistry,  but  eighteen,  excluding 
those  occurring  only  in  the  gaseous  state,  are  found  native.  Wi£ 
the  native  elements  are  included  the  native  alloys,  or  compounds 
and  mixtures  of  elements  belonging  to  the  same  groups  in  the 
periodic  system. 

A  list  of  these  native  elements  is  then  given,  with  their  native 
alloys  and  compounds,  in  groups,  as  (1)  diamond,  bort,  carbonado, 
graphite,  schungite,  graphitoid,  cliftonite;  (2)  sulphur  (and  its 
compounds),  selenium,  tellurium,  etc.;  (3)  arsenic,  etc.,  antimony, 
bismuth ;  (4)  tin,  lead ;  (5)  iron,  catarinite,  etc. ;  (6)  platinum, 
platiridium,  iridium,  osmiridium,  palladium,  etc. ;  (7)  mercury, 
amalgam,  copper,  silver,  gold,  electrum,  porpezite,  rhodite. 

These  are  followed  by  compounds  of  the  elements,  as  (A)  compounds 
of  halogens-fluorine,  chlorine,  bromine,  and  iodine  ;  (B)  compounds 
of  sulphur,  selenium,  and  tellurium,  also  arsenic,  antimony,  bismuth, 
and  germanium  ;  (C)  oxygen  compounds  ;  (D)  compounds  of  organic 
origin  (as  mineral  wax,  fossil  resins),  asphaltum,  mineral  oils,  coals, 
etc.,  and  the  salts  of  the  organic  acids,  oxalates,  and  mellates. 
A  full  index  of  minerals  is  given  at  the  end. 

These  papers  by  Mr.  Wirt  Tassin  are  likely  to  prove  useful  to  the 
curators  of  minerals  in  other  museums  seeking  a  plan  of  arrangement 
for  their  collection.  We  can  also  strongly  recommend  (1)  the 
admirable  Introduction  to  the  Study  of  Minerals,  by  L.  Fletcher 
(price  Sd.),  British  Museum  (Natural  History),  with  a  guide  to 
tho  Mineral  Gallery  (pp.  120,  8vo)  ;  (2)  Introduction  to  a  Study  of 
Meteorites,  by  L.  Fletcher  (price  3d.,  pp.  92,  8vo)  ;  (3)  Introduction 
to  a  Study  of  Hocks,  by  L.  Fletcher  (price  Gd.),  British  Museum 
(Natural  History),  (pp.  118,  8vo). 

(D)  Mr.  George  H.  Cooke,  surgeon,  U.S.  Navy,  supplies  us 
with  an  interesting  account  of  Easter  Island  in  the  South  Paci6c 
Ocean.  The  U.S.  steamer  *' Mohican"  sailed  from  Callao,  Peru, 
March  6th,  1868  (?  1886),  under  orders  for  a  protracted  cruise,  on 
special  duty,  among  the  islands  of  the  South  Pacific,  with  instructions 
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on  her  retum  passage  to  tbe  South  American  coast  to  call  at  Easter 
Island,  make  certain  investigations  desired  by  the  Smithsonian 
Institation,  and  especially  to  bring  away  one  of  the  colossal  stone 
images  to  be  found  upon  the  island.  The  stone  image,  stone  crown, 
and  stone  head  having  been  successfully  transported  over  the  island 
to  the  beach  and  thence  transferred  on  board,  the  ship  sailed  on 
the  last  day  of  the  year  for  Valparaiso,  Ohile,  arriving  on 
January  14th,  1887.  There  appears  to  be  a  misprint  in  the  first 
year  recorded  here,  for  on  p.  692  the  author  says  :  ''  The 
investigations  upon  which  this  report  is  based  cover  a  period  of 
twelve  days  from  December  19  to  December  30,  1886,  inclusive.'' 

On  December  18th  the  extinct  crater  of  Bana  Kao  was  visited, 
and  a  general  inspection  was  made  of  the  stone  huts,  the  painted 
-slabs  in  their  interior,  the  sculptured  rocks,  etc.,  and  of  the  crater 
itself,  in  the  immediate  vicinity  of  which  these  objects  of  interest  are 
located.  Here  numerous  finished  and  unfinished  images,  some 
standing,  others  prostrate,  were  seen  scattered  over  the  slope  of 
the  crater  and  the  great  plain  at  its  base,  where  there  is  every 
reason  to  believe  once  stood  a  populous  town.  The  quarries,  or 
'workshops,'  were  also  visited,  and  the  many  partly  completed 
monoliths  still  attached  to  the  original  rock  were  examined.  As  in 
Egypt,  where  in  the  quarries  at  Syene,  near  the  First  Cataract, 
the  largest  obelisk  still  lies  unfinished,  so  here,  in  one  of  the 
excavations  on  the  outer  slope  of  the  crater,  may  be  seen  the  largest 
of  the  stone  images  to  be  found  on  Rapa  Nui  in  an  incomplete 
condition,  still  adherent  to  the  bed  rock,  and  measuring  69  ft.  9  in. 
in  length!  carved  in  trachyte.  Mr.  Salmon  and  Mr.  Brander 
seem  at  present  to  be  the  sole  proprietors  on  the  island,  with 
a  stock  of  18,000  head  of  sheep  and  many  cattle.  The  population 
now  consists  of  155  natives  and  11  foreigners  (two  English,  two 
Americans,  one  Frenchman,  and  six  Tahitans),  yet  from  1850  to 
1860  the  number  of  inhabitants  was  said  to  be  20,000.  In  1863  the 
Peruvians  carried  off  5,000  of  the  inhabitants  to  work  the  guano 
deposits  of  the  Chiucha  Islands.  Some  few  only  of  these  returned 
alive,  smallpox  having  broken  out  on  the  return  voyage ;  it  also 
ravaged  the  island,  many  deaths  resulting  therefrom. 

With  regard  to  the  ancient  inhabitants— the  makers  of  the  trachyte 
quarries,  the  builders  of  the  stone  houses,  and  the  carvers  of  the 
colossal  stone  images — the  number  and  extent  of  their  works  are 
so  great  that  one  is  led  to  ask  how  they  came  suddenly  to  an  end, 
which  must  have  been  the  case  judging  by  the  large  number  of 
images  in  all  stages  of  development  seen  at  Bana  Boraka,  where 
the  ancient  town  once  existed,  and  in  the  quarries  in  an  unfinished 
condition  both  inside  and  outside  of  the  adjacent  crater  slopes.  The 
present  natives  neither  carve,  nor  quarry  stone,  nor  build. 

If  we  take  note  of  the  vast  number  of  volcanic  stones  evenly 
scattered  over  the  surface  of  the  island,  especially  the  eastern  half, 
one  is  led  to  the  inevitable  conclusion  that  either  the  volcano  of 
Bana  Boraka,  or  one  of  the  neighbouring  volcanoes,  suddenly  became 
active  and  threw  out  these  showers  of  stones,  probably  d^^tx^^vc^^ 
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tmtj  lives,  ami  so  stopped  Die  laboars  of  tbo  workmen,  wbicb 
'Wan  theucoforth  novcr  rosamed.  Perhaps,  too,  tlie  same  calami^ 
ovttrthrtw,  by  an  earthquake,  many  of  the  iJois  (of  wUioU  m* 
mw  U  now  standing  on  its  pedestal),  laid  waste  the  islaod,  anl 
vrongfat  the  deatructiun  of  the  trees  which  onoe  adorned  it,  laH 
ftom  th«  period  of  that  disaster  probably  dates  the  decadence  of  Clu 
■noimt  jieople  of  Tepito  Te  Henua.  The  island  ooataius  serenl 
diltioot  craters,  the  highest  paint  being  1,970  feet.  The  gTMt 
«nta  of  Rana  Eao  has  a  lake  in  it«  oenlre  300  feet  in  depth, 
witli  «  ciroumforence  at  its  surface  of  2}  miles,  so  that  good 
dlinldne  water  sufGcient  for  a  large  population  exists  od  the  islani 

(B)  llr.  Otis  Tufton  Mason  describes  the  man's  knife  among 
'fiiB  North  American  Indiana  as  illustrated  by  the  collections  ia  Uis 
U.S.  National  Museam.  Knives,  strictly  speaking,  arc  adapted  for 
iadiutzutl  purposes,  and  thoreforo  belong  to  the  category  of  tool*,  not 
wMqxnu.  If,  however,  a  knifo  is  used  as  a  weapon  for  destructioc. 
U  shoald  be  classed  a»  a  dagger,  bat  when  employed  as  an 
fldged  tool  it  is  properly  described  as  a  knife.  The  edge  toul 
worka  by  pressure,  by  friction,  or  by  a  blow.  One  used  hy 
meuia  of  a  blow  is  an  axe  if  the  edge  is  in  a  line  with  the  handle, 
waA  an  kdze  if  it  lies  across  the  handle  ;  na  edged  tool  working  by 
fiiotioD  is  u  soraper,  but  one  working  by  pressure  is  a  knife- 
Althougli  the  iron  or  ateel-bladcd  knife  has  been  only  in  the  handi 
of  Eskimo,  of  Canadians,  and  tribes  of  the  United  States  and  tlie 
North  Pacific,  for  a  century  or  two  they  Hcem  lo  hi\ve  tborougiily 
mastered  its  use  as  a  tool.  Tljej'  nee  ne.irly  nil  curved -htade.l,  mi 
the  hafting  ia  always  native,  the  blade  alone  (whether  of  steel  or 
iron)  being  foreign.  Before  the  possession  of  iron  there  is  meagre 
evidence  that  any  of  these  native  races  posseesad  other  than  the  most 
trivial  carvings  ia  hard  material.  Their  best  works  were  in  soft 
wood  and  slate,  by  means  of  the  beaver's  tooth  or  shark's  tooth 
knives.  Mr.  Mason  does  not  mention  the  use  of  flint  or  obsidian, 
but  one  knife  with  a  glass  blade  from  Patagonia  is  reoorded. 

(6)  "Arrow-points,  Spear-heads,  and  Knives  of  Prehistoric 
Times,"  by  Dr.  Thomas  Wilson,  Curator  of  Prehistorio  Arobieology. 
U.S.  National  Museum.  Dr.  Wilson's  memoir  is  one  of  the  most 
elaborate  in  this  volume  and  covers  177  pages.  It  desoribas  and 
illustrates  spears  and  harpoons  in  the  Palteolitbio  period ;  the  origin 
of  the  bow  and  arrow ;  superstitions  conoerning  arrow-points  and 
stone  implements,  In  the  island  of  Quemsey  the  stone  implements 
are  called  '  lightning- stones '  and  '  thunder-stones '  (pierre  defovdre  or 
pierre  de  lonnerre),  and  are  firmly  believed  in  as  a  proteotion  against 
fire.  The  flint  mines  and  quarries  in  Europe  and  America  are 
described ;  a  most  interesting  account  is  given  (illustrated  bj  many 
plates)  of  the  materials  used  in  making  arrow-points  and  spear- 
heads, showing  the  microscopic  structuro  of  the  materials.  The 
manufacture  of  arrow-points  and  spear-heads  is  explained,  and 
the  various  scrapers,  grinders,  and  straighteners  used  in  making 
arrow  and  spear  shafts.  All  the  varied  patterns  of  arrow-heads 
and  spear-heads  are  arranged,  classified,  and  oUboratelf  figured. 
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and  some  25  types  are  enumerated.  Flint  knives  are  next 
considered.  Large  implements  of  arrow-point  or  spear-head  form 
are  described,  and  the  making  of  arrow-points  is  shown.  Sixty- 
five  plates  and  201  text-figares  are  devoted  to  the  illustration  of  this 
valuable  memoir.  It  is  impossible  to  give  an  adequate  idea  of  the 
beauty  and  exoellenoe  of  the  illustrations,  but  we  commend 
Dr.  Wilson's  memoir  to  all  who  are  interested  in  the  subject  of 
Prehistoric  Archaeology. 


Qeologioal  Sooibtt  of  Lovdon. 

June  20,  1900.--J.  J.  H.  Teall,  Esq.,  M,A.,  F.R.S.,  President,  in 

the  Chair. 

The  President  announced  that  the  Foreign  Secretary  had  received 
the  following  letter  from  Professor  A.  Gaudry,  F.M.G.S.,  President 
of  the  Organizing  Committee  of  the  Eighth  International  Geological 
Congress : — 

"My  dear  Friend, — We  have  just  published  the  Guide-book  to 
the  excursions  in  France  of  the  International  Geological  Congress. 
It  occupies  over  1000  pages,  and  is  full  of  beautiful  illustrations  and 
of  geological  sections  and  maps.  The  excursions  will  extend  over 
the  whole  of  France  from  the  North  as  far  as  the  Central  Plateau, 
the  Alps,  and  the  Pyrenees.  As  you  are  the  Foreign  Secretary  of 
the  Geological  Society  of  London,  equally  honoured  and  loved  in 
Sngland  and  in  France,  I  think  that  no  one  is  in  a  better  position 
than  you  to  bog  of  the  Follows  of  the  Geological  Society  of  London 
to  come  in  large  numbers  to  Paris.  All  our  geologists  will  ho 
honoured  in  seeing  them,  and  will  be  happy  to  receive  their 
opinions.  To  have  any  groat  authority  it  is  necessary  that  an 
International  Geological  Congress  should  have  your  country  — 
where  Geology  has  been  so  magnificently  studied — largely  repre- 
sented. You  can  tell  our  brethren  of  the  Geological  Society  of 
Xiondon  that  the  President  of  the  Organizing  Committee  of  the 
Congress  of  1900  is  the  oldest  of  the  Foreign  Members  inscribed 
upon  their  list,  that  he  is  a  former  recipient  of  the  WoUaston  Medal, 
a  Foreign  Member  of  the  Royal  Society  of  Loudon,  and  that  among 
his  scientific  acquaintance  he  lias  not  a  better  friend  than  you. 
This  will  be  as  much  as  to  tell  them  that  I  am  attached  to  tlieni 
by  the  bonds  of  deep  gratitude,  and  that  it  will  be  a  happiness  for 
me  to  welcome  them  in  our  ancient  city  of  Paris.  I  reckon  upon 
you. — Yours  most  sincerely,  Albert  Gaudry." 

The  following  communications  wore  read  : — 

1.  "  On  the  Skeleton  of  a  Theriodont  Eeptile  from  the  Baviaans 
River  (Cape  Colony)."  By  Professor  H.  G.  Seeley,  F.K.S.,  F.L.S., 
V.P.G.S. 

The  fossil  described  in  this  paper  was  discovered  by  Mr.  W. 
Fringle  at  Ealdon,  in  the  bed  of  the  Baviaans  River,  s.  tt\b\3AAx^ 
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of  the  Great  Fish  Biver.  It  is  now  preserved  in  the  Albany 
Museum.  The  slab  oontaining  it  is  of  bard  siliceous  sandstone,  and 
is  31  inohes  long  by  ten  inches  wide.  It  is  split  so  as  to  ezpOM 
a  portion  of  the  skull,  the  vertebral  column  and  ribs  as  fiar  as  tha 
pelvis,  the  scapula,  part  of  the  humerus,  the  femur,  and  parts  of  the 
tibia  and  fibula.  The  tail  and  left  hind-limb,  and  apparently  pait 
of  the  right  fore-limb,  are  lost,  owing  to  the  jointed  condition  of  the 
rock.  The  boues  have  decomposed,  and  are  represented  by  natartl 
moulds  from  which  a  beautiful  cast  was  obtained  by  means  of 
a  gelatine  mould  prepared  in  the  Geological  Department  of  the 
Natural  History  Museum,  before  the  specimen  was  returned  to 
Grahamstown.  It  indicates  an  animal  about  2  feet  long,  ezolosiTe 
of  the  tail,  and  standing  probably  about  8  inches  high;  it  wae 
not  more  than  6  inches  wide  in  the  fore  part  of  the  body.  Hm 
animal  was  of  great  mobility,  capable  of  easily  bending  the  body, 
and,  by  straightening  the  limbs,  of  occasionally  raising  its  height 
to  10  inches  or  more.  It  is  a  new  type  of  Theriodont  reptile, 
contributing  important  facts  to  the  osteology  of  the  group,  and 
especially  in  regard  to  the  natural  association  of  the  bones.  It 
is  possibly  to  be  included  in  the  Cynodontia,  from  which  it  diffen 
in  characters  of  the  ilium,  scapula,  and  skull. 

2.  *'  Fossils  in  the  Oxford  University  Museum.  —  IV.  Notes  <a 
some  Undescribed  Trilobites."    By  H.  H.  Thomas,  Esq.,  B. A.,  F.GA 

Two  new  species  of  Dalmania  from  the  Wenlock  Shales  and  one 
of  Olenus  from  the  Shineton  Shales  of  Shropshire  are  described  ia 
this  paper.  The  specimens  on  which  the  first  species  of  Dalmania 
is  founded  were  collected  by  the  late  Dr.  Grind  rod  at  Malvern 
Tunnel.  The  species  has  a  strong  resemblance  to  certain  varieties 
of  D.  caudatuSf  especially  those  more  nearly  approaching  D.  longi' 
caudatus ;  its  nearest  ally  seems  to  be  D.  nexilis.  Among  ita 
characters  are  spines  round  the  head,  the  height  of  the  head-shield, 
and  the  distance  between  tlie  eyes.  The  type-specimen  of  the 
second  species  came  from  the  Wenlock  Shale  of  Builth.  The 
Shineton  specimen  was  presented  to  the  Oxford  Museum  by  the 
Kight  Rev.  Bishop  Mitchinson. 

3.  *'  On  Radiolaria  from  the  Upper  Chalk  at  Coulsdon  (Surrey)." 
By  W.  Murton  Holmes,  Esq.  (Communicated  by  W.  Whitaker, 
Esq.,  F.R.S.,  F.G.S.) 

Tlie  radiolaria  described  in  this  paper  were  contained  in  the 
cavities  of  two  small  flints  which  were  thrown  out  of  the  new 
cutting  between  Coulsdon  Station  and  the  new  Merstham  Tunnel  on 
the  L.B.  &  S.C.  Railway.  They  were  probably  derived  from  the 
zone  of  Holaster  planus.  After  treatment  with  hydrochloric  acid, 
tho  material  yielded  silicified  casts  of  foraminifera  as  well  as  radio- 
laria. The  surface  of  the  radiolaria  is  so  much  altered  by  corrosion 
that  specific  identification  is  in  most  cases  impossible.  Twenty 
genera  have  been  recognized,  and  the  organisms  appear  to  belong  to 
forty-one  species  of  these  genera.  A  list  of  the  radiolaria  is  given, 
accompanied  by  a  short  description  of  each  form,  and    four   new 
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Bpeoies  are  desoribed.  The  DiRCoidea  appear  to  have  the  pre- 
dominance, and  the  specieB  of  Dictyomiira  come  next  in  numerical 
order. 

The  next  Meeting  of  the  Society  will  be  held  on  Wednesday, 
November  7th,  1900. 


PROFESSOR    M.    LOUIS    LARTET. 

BosM  1840.  Died  1899. 

Pbofkssob  Louis  Labtet  was  the  son  of  a  former  distinguished 
Foreign  Member  of  the  Geological  Society  of  London,  Monsieur 
Eidmund  Lartet.  In  1863  he  assisted  De  Yemeuil  in  the  publication 
of  two  papers,  and  from  1864  to  1868  he  published  several  others, 
ohiefly  on  the  Holy  Land,  leading  up  to  his  lengthy  essay  of  1869 
im  the  Geology  of  Palestine  and  of  the  neighbouring  countries, 
Tollowed,  three  years  later,  by  a  shorter  paper  on  the  Palaeontology. 
In  1877  his  work  was  presented  in  a  more  elaborate  form  in  the  large 
joarto  volume  entitled  '^  Geological  Exploration  of  the  Dead  Sea, 
)f  Palestine,  and  of  Idumea,"  with  two  geological  maps,  three  plates 
)f  sections,  and  eight  of  fossils  and  of  stone  implements.  By  these 
PTorks  he  is  chiefly  known.  Professor  Louis  Lartet  was  elected 
\  Foreign  Correspondent  of  the  Geological  Society  of  London  in 
1882,  and  died  in  1899. 

SIR   DOUGLAS  S.   GALTON,   K.C.B.,   F.R.S.,    F.G.S. 

Born  1822.  Died  March  10,  1899. 

Douglas  Galton  was  born  in  1822  at  Hadzor  House,  Worcester- 
shire. At  the  age  of  15  he  went  to  the  Royal  Military  Academy, 
ind  in  1840  got  his  commission  in  the  Royal  Engineers,  greatly 
iistinguishing  himself  and  gaining  the  first  prize  in  every  subject  of 
jxamination.  lie  was  engaged  in  the  attempt  to  raise  the  "  Royal 
jeorge."  He  served  on  the  Ordnance  Survey  and  did  much  work 
n  connection  with  railway  engineering,  metropolitan  drainage, 
lubmarine  cables,  and  the  sanitary  condition  of  the  Army,  serving 
m  various  Royal  Commissions,  etc.  In  1860  he  was  made  Assistant 
Inspector  General  of  Fortifications,  and  in  1862  Assistant  Under 
3ecretary  of  State  for  War,  a  post  which  he  held  eight  years,  when 
ae  became  Director  of  Public  Works  and  Buildings  (under  the  Board 
)f  Works),  in  which  official  capacity  he  served  until  1875.  He  was 
General  Secretary  of  the  British  Association  from  1871  to  1895,  and 
n  the  latter  year  he  became  President.  In  1894  he  was  made  Hon. 
SLem,  Inst.  C.E. ;  many  other  honours  were  conferred  upon  him, 
ncluding  various  foreign  orders.  The  later  years  of  his  life  were 
jpecially  devoted  to  sanitary  science,  for  which  he  did  very  much, 
tnd  his  last  official  appearance  in  public  was  as  president  of  a  meeting 
>f  the  Sanitary  Institute,  for  the  reading  of  a  paper  on  the  water- 
inpply  of  London.  He  was  then  rather  indisposed,  though  nothing 
ericas  was  suspected ;  but  he  got  weaker,  and  blood-poisoning  set 


3  at  Hadzor,  Worcesterahire.  Donglas  Galton  wu 
Amongst  the  Meat  Fellows  of  the  Geological  Society,  having  beui 
«leot«d  in  1848,  rad  serTcd  on  the  Coundl  from  1670  to  1874. 


FRANZ     RITTER    VON     HAUER. 

Bow,  VtBTMA,  Jak,  W,  1S22.  DiBD  MucH  20,  1899. 

Bnns  TOR  Haver  hfis  been  called  llie  Nestor  of  Anstriu 
SBOlogiatt,  haTing  heoa  for  many  yenra  Director  of  the  Geologioil 
Snrrey  ftnd  Intaodruit  of  the  Iin|>erial  Natural  History  Museum. 
He  mm  bran  fn  Vienna  in  1822,  and  educated  (here  until  he  went  to 
ihs  Bus-AkKdamie  ot  Schemnit!:  from  1839  to  1613.  He  afterwanli 
beoMM  ft  mloimg  official  in  Siyrin,  and  in  1S46  was  made  Aasislant 
to  Haidioger  at  the  Imperial  Mineralogical  Museum  in  his  natira 
■oity,  when  he  bcgsn  originnl  palr>30nto1ogica1  work.  He  succeeded 
HMdinger  M  ohief  of  the  Museum,  and  held  that  post  from  ISO? 
to  1885.  On  the  d«atii  of  F.  von  Hochetetter  he  was  made  Curator 
of  tbo  Impwinl  N&tural  History  MuBenm,  in  which  post  he  did 
important  work,  retiring  at  last  on  accoant  of  old  age  and  ill-health. 
He  waa  the  flrat  to  classify  the  Alpine  sedimentary  rocks  on 
ft  atriotly  (tiatqjrapliidil  Imais.  and  pTiMished  a  work  on  the 
<!I^Iialopoda  of  the  TriaiMo  and  Jnraaik)  beda  of  the  «Htan 
Alpine  legiODi.  Hia  genwal  nukp  of  the  Aoetiien  Kmpin  (ia 
twelve  sheetB,  pabllahed  1867-71,  raMbing  *  fourth  and  exteodKl 
edition  in  1884),  and  hia  aoooont  of  ths  mology  of  that  empiric 
published  in  1875,  ctxiwn  hia  Hfe'a  work.  Franz  Bitter  ron  mnec 
was  elected  a  Foreifpi  Correipondant  of  the  Geologioal  Sooiety  of 
London  in  1863,  a  Foreign  Memher  in  1871 ;  and  he  was  awarded 
the  WollaetoD  Medal  in  1862.  He  died  on  Maroh  20,  1899.  Von 
Hauer  received  many  orders  and  hunoura,  held  variona  oflSoea,  and 
was  revered  as  a  teaoher  and  leader  in  soience. 

CHARLES    JULES    EDME    BRONGNIART. 
BoRM  1899.  DiBD  Apul  18,  1899. 

M.  Chables  Bbononiabt  was  the  grandson  of  the  illnatrioaa 
French  Botanist,  Adolphe  T.  Brongniart,  who  in  1641  reoeived 
the  Wollaston  Medal  from  the  Oeologioal  Sooiety  of  London.  He 
was  an  Assistant  at  the  Museum  of  Natural  History,  Paris,  and  waa 
one  of  the  ohief  European  authorities  on  Fossil  loseota,  on  which  he 
wrote  a  number  of  papers  from  1876  onward,  Hia  principal  work 
was  published  ia  1893,  in  the  form  of  two  large  quarto  Tolnmea 
with  atlases  of  plates.  One  of  these  is  ths  third  volnme  of 
"  Studies  on  the  Coal-measures  of  Commentry,"  which  is  devoted  to 
the  Entomologioal  Fauna  of  the  Carboniferous  epoch.  The  other  ii 
"  Fossil  Insects  of  Primary  Times."  Several  of  his  paper*  appeared 
as  translations  in  the  Giolooioal  Maoazini.  (See  Oedl.  Mao., 
1879,  Dea  II,  Vol.  VI,  pp.  97-102,  PI.  IV;  1886,  Dec  III,  Vol.  II, 
pp.  481-491,  PI.  XII ;  1866,  pp.  422-425,  one  page  illustration ; 
1895,  pp.  233-236.)  It  is  sad  Uiat  so  distinguished  a  oareer,  from 
which  we  had  reason  to  expect  so  mnoh  more  valuable  work,  ahoold 
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have  been  ended  so  early.  Charles  Bbongniabt  was  eleoted 
A  Foreign  Correspondent  of  the  Geological  Sooietj  of  London  in 
1888,  and  died  April  18,  1899,  aged  40. 

TOWNSHEND    MONCKTON    HALL,    F.G.S. 

Born  Mabch  22,  1845.  Died  July  1,  1899. 

TowNSHEXB  Hall  was  bom  at  Torquay  in  1846,  and  studied  for 
a  short  time  at  Wadham  College,  Oxford.  On  leaving  there  he  gave 
himself  up  to  science,  and  especially  to  geology.  A  paper  by  him  on 
the  distribution  of  fossils  in  the  North  Devon  Series  was  printed 
in  the  Quarterly  Journal  of  the  Geological  Society  (1867,  vol.  xxiii, 
pp.  371-381) ;  but  his  chief  contributions  to  the  geology  and 
mineralogy  of  his  native  county  are  in  the  Trans.  Devon  Association 
(of  which  he  was  a  member  from  the  first),  and  include  papers 
on  mineral  localities,  raised  beaches,  submerged  forests,  conoentrio 
lamination,  mineral  oil,  classification  of  North  Devon  rocks,  and 
various  matters  of  local  geology.  He  also  contributed  to  the 
Geological  Magazine  and  to  the  Miueralogical  Magazine,  and 
wrote  several  sketches  of  the  Geology  of  Devonshire  or  parts  thereof, 
smd  the  *'  Mineralogists'  Directory."  He  became,  indeed,  well  known 
is  our  chief  local  authority  on  North  Devon. 

PROFESSOR    ROBERT    W.    BUNSEN,    Ph.D. 

BoKN  March  13,  1811.  Died  August  16,  1899. 

Although  Bunsen  achieved  his  great  reputation  as  a  chemist, 
ind  held  the  Chair  of  Chemistry  in  the  University  of  Heidelberg  for 
many  years,  he  wrote  (especially  in  his  earlier  life)  several  papers 
3n  minerals  and  on  mineral  waters,  as  well  as  on  various  geological 
mbjects,  notably  on  the  chemico- geology  of  Iceland.  To  the 
scientific  world  ho  is  largely  known  for  his  work  on  spectrum 
inalysis,  resulting  in  the  discovery  of  the  elements  cassium  and 
rubidium ;  whilst  to  the  world  at  large  he  is  known  by  the 
nvaluahle  gas-burner  that  bears  his  name  and  the  principle  of 
svhich  he  discovered.  Professor  R.  W.  Bunsen  was  elected  a  Foreign 
Member  of  the  Geological  Society  of  London  in  1856,  holding  the 
tionorary  distinction  for  43  years.     He  died  at  the  age  of  88  years. 

JOHN    BALDRY    REDMAN,  F.G.S.,   Memb.  Inst.C.E. 
BoKN  1816.  DiBD  December  21,  1899. 

John  Baldry  Eedman  was  elected  an  Associate  of  the  Institution 
)f  Civil  Engineers  in  February,  1839,  and  a  Member  in  March, 
1846,  his  name  being  the  earliest  on  the  roll  of  over  6,300  Members 
ind  Associates  at  the  time  of  his  death.  He  was  elected  an  F.G.S. 
n  1882.  He  did  much  service  to  geology  by  his  important  papers, 
read  to  the  institution  above-named,  "  On  the  Alluvial  Formations, 
ind  the  Local  Changes,  of  the  South  Coast  of  England,"  and  "  The 
Bast  Coast  between  the  Thames  and  the  Wash  Estuaries,"  published 
n  1854  and  1865,  which  were  the  first  systematic  account  of  the 
changes  along  a  great  length  of  our  coast,  in  this  case  from  Norfolk 
louthward  to  Dorsetshire.    Much  other  work  of  the  kvad.  ^^i^^  ^Sass^ 
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dime  by  Mm,  for  inataiioe  In  ^  Bimttll  of  Aib  WMk  Amod§Aim 
Ctommittee  on  Ooart«erorfoii>  aiid  hii  knowlo^  was  dNvagrt  al  tb» 
diBiKMal  of  those  inteieBted  ill  the  tobjoot  He  died  «l  ttw  (txid  oU 
age  of  88.  - 

WILHELM    HEINRICH    WAAQEN. 
Bour  Jtnni  28, 1841.  Bod  Vamv  M^  19i0. 

Tbb  oeleterated  palaontologbt  WUhdm  HeJniich  Waagen  wm 
bom  at  Hmiioh,  28id  Jane,  1841,  and  edoealed  tiiere  and  at  Zfinelu 
In  the  lattMT  plaoe  he  epedally  atndied  natiiial  Ustory,  for  wbiok 
he  had  early  ^own  great  taate. 

In  1864  his  first  paper,  '<Der  Jura  in  y!iaidHlii,J36hwaba^and  der 
SbhweiE,**  made  its  appearance,  and  jgiined  «  piliie. 

He  estaUished.  himself  first  at  Monldit,  and-  lor  one  yesr  wai^ 
natural  histoi^  totor  to  Prinoe  Amnlph  and  Frinoess  Theresa  of 
BaTaria.  In  Ueoember,  1870,  Waagen  was  mdnted  paboontologiit 
to  the  Indian  Geoloffioal  Siurvey.  The  Indian  dinmte,  however, 
did  not  snit  him,  and  he  was  oUtged  to  rstiie  in  Axmai,  1875.  Th» 
preyions  year  he  had  oontraoted  a  fcnrtonate'  ai^- n^ppy  marriage 
with  S<mlue,  Baroness  "von  Gross-sohed A 

Shortly  after  qidtting  India,  Waami  settled  in  Vienna  and 
beoame  a  Tutor  at  the  UniTersity.  The  foUowing  year  he  went 
to  Frag  to  oooopy  the  Ohair  of  Hinerak^  and  Qeoksnf  at  the 
Qerman  Technical  High  School.  There,  on  ti^  deatii  of  Bammd^ 
he  assisted  in  editing  the  continuation  of  the  "  Systems  Silnrien  de 
Bohdme,"  and  in  association  with  Professor  J.  Jahn  wrote  the  section 
Crinoids  for  that  work. 

On  Neumayer's  death,  Waagen  became  in  1890  Professor  of 
PalsBontology  at  the  University  of  Vienna,  a  post  which  he  held  till 
his  death  on  24th  March,  1900. 

Waagen  was  by  no  means  a  prolific  writer,  less  than  a  score  of 
papers  in  various  journals  being  written  by  him. 

His  principal  works  were  on  the  Jurassic  Cephalopoda  of 
Eutch  and  on  the  Salt  Range  Fossils,  both  forming  part  of  the 
'' Palseontologica  Indica,"  and  the  latter  incomplete  at  the  time  of 
his  decease. 

Of  the  value  of  these  works  from  a  systematic  point  of  view  it 
is  perhaps  as  yet  too  early  to  speak;  but  of  his  enthusiasm  and 
industry,  and  of  the  fact  that  he  greatly  advanced  our  knowledge 
of  Indian  palaeontology,  there  can  be  no  doubt. 


The  Univebsity  op  London. — It  gives  us  great  pleasure  to 
announce  that  the  Senate  of  the  University  of  London  has  conferred 
the  degree  of  Doctor  of  Science  upon  Mr.  C.  W.  Andrews,  B.A., 
F.G.S.,  of  the  British  Museum  (Natural  History),  and  has  also 
awarded  him  the  Sherbrooke  Scholarship,  founded  by  the  late 
Lord  Sherbrooke,  Trust.  Brit.  Mus.  This  is  the  first  occasion  on 
which  this  scholarship  has  been  presented. 
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I. — FUBTHXB   NOTK8    ON   PODOPHTHALMOUS  CbUSTAOBAMS    FROM    THK 
UpPXB  CbXTAOKOUS   FoBMATION  of  BbITISH  COLUHBIAy   BTO. 

By  Hbnbt  Woodwabd,  LL.D.,  F.R.S.,  F.G.S.,  of  the  British  Museam  (Natural 

History). 

CPLATE  XVII.) 

{CotuhstUdfrom  ths  Sept$tnber  Numbtr^p,  401.) 

HoPLOPABiA  Wbstoni,  Bp.  nov.     (PL  XVII,  Figs,  la,  h,  c.) 

AMONG  other  speoimens  received  from  the  Qeological  Survey 
of  Canada  are  the  fragmentary  remains  of  a  Crustacean 
(enumerated  in  Dr.  Whiteaves'  list  as  No.  10),  comprising  the 
abdomen  (a),  a  small  part  of  a  carapace  (&),  and  the  penultimate 
joint  of  one  of  the  chelate  fore-limbs  (c),  occurring  in  detached  frag- 
ments (probably  parts  of  a  concretionary  nodule).  They  are  labelled 
Red  Deer  River,  Alberta  Range  15,  Township  23,  west  of  the  4th 
principal  meridian;  collected  by  Mr.  T.  C.  Weston,  1889.  Although 
in  so  fragmentary  a  condition  these  specimens  are  of  much  interest, 
and  are  characteristic  in  their  details. 

The  abdominal  segments  are  united  and  display  the  characteristic 
markings  and  raised  ridges  on  the  segments  seen  in  the  living 
Nephropa  Norvegicus  and  in  Hoploparia  Sazbyi  and  other  English 
Cretaceous  forms.  The  epimeral  portions  of  each  segment  are  roundly 
falcate,  and  divided  from  the  tergum  by  a  well-marked  ridge.  The 
sixth  segment  and  the  telson  are  more  rugose  and  marked  by  parallel 
ridges.  The  cephalothoracic  portion  is  too  obscure  for  description  ; 
the  surface  is  tuberculated.  The  penultimate  joint  of  the  great 
claw  is  very  coarsely  and  strongly  tuberculated,  as  much  so  as  in 
£noploclytia  and  in  Moploparia  scabra. 

Length  of  abdomen  (measured  along  dorsal  line),  5|  inches ; 
width  over  third  segment,  2 J  inches.  Length  of  penultimate 
segment  of  great  claw,  2^  inches ;  breadth,  2  inches. 

I  have  designated  this  form  as  Hoploparia  Wealom,  after  the 
discoverer.  The  specimen  is  from  the  Upper  Cretaceous  of  the 
North- West  Territories. 

Hoploparia  Bennetti,  sp.  nov. 

This  species  is  based  on  a  very  imperfectly  preserved  specimen.^ 
No.  6  in  list,  contained  in  a  dark  nodule  (^meaautm^  ^"  y^  ^'^  «^^ 
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in  balvM  veiy  irregularly,  and  Gxpoeiag  the  dorsul  aspect  of  fiva 
poatorior  ftbdonainal  somites  and  the  telsoo  witb  two  swiamereti 
OB  th«  left  Mm  still  attached.  The  abdominal  s^gmetits  are  amootb. 
and  the  epimen  broadly  falcate  and  pnioted  as  in  Homarus.  Length 
of  ten  MKlomitial  segineuls,  iOtniu. ;  length  of  telsoD,  13  aim. ; 
breadth  of  Rbdomen,  86  mm. 

Th«  •temitM  m  itUl  attaohsd  to  the  tbdoaen,  bat  th«  ompaat 
hu  beea  nmoTod,  ezpodo|[  tb«  biaar  and  amwr  nufiMM  of  &» 
oir^ialotliOTax,  with  tbe  bases  of  five  pairs  of  ambulatory  appeoJigM 
■tillatUohed,  Lnwthofoepbalothoracic portion.  30 mm.  SomeoftiM 
mull  wnbnUtoty  Jega  on  Iha  left  side  are  preson.-ed  nearly  to  theit 
extmntties, and  the  DBses  of  the  larf^e  (chelate)  fore-legs  can  ain  be 
eeen,  ODO  j<riat  of  ^loh  shows  a  tuberoulated  surface.  LengA  OC 
base  of  area  of  Itmiltes,  25  mm. ;  greatest  breadtb.  15  ram.  iVm 
iinotnoowhatsmof  the  presence  of  Urge  palinurLd  antennK.  TOa 
aod  the  gMwral  oharuter  of  the  thoracio  appendasiea  and  the  fonaof 
the  abdoment  reaemblbig  Uie  modem  Bomarw  nSxta  tiuut  PaHmwta, 
lead  me  to  refer  thie  foMiI  to  the  Renne  Hoft^foria,  X  hava  added 
the  apemflo  name  of  BnMtU  after  ita  diaooTerer. 

Formation :  Ui^ier  Oretaoeooi. 

Looali^ :  Oomox  Biver ;  oolleoted  by  Hr.  J.  Benutt  in.  1816. 

EvoPLooiTTu  xnroft,  ap.  nor. 
The  flvidenoe  for  thia  apeoiei  ooostata  of  a  nodole  (4*   x  I". 

No.  9  ia  Dr.  Whiteavea'  list,  marked  alao  59  in  whito  paint)  ^lit 
into  two  parte,  bat  afforduig  little  comfort  to  tho  investigator.  One 
can  make  out  an  imperfootly  preeerved  oarapaoe  (oephalothorax), 
with  a  taberoulated  anrfaoe  from  which  two  pairs  of  imperfeotly 
preserved  anteanie  take  their  origin  and  the  fiagella  of  which  can 
be  indistinctly  traced.  These  are  followed  by  a  pair  of  long  and 
aleader  chelate  appendages,  with  finely  tuberoulated  sarfaoes,  tbs 
fingers  of  the  forceps  being  very  attenuated  as  la  Enoplodgtia 
Leaehii.  Two  pairs  of  slender  ambulatory  legs  follow ;  these  &1m 
have  foroipated  or  chelate  extremities.  The  abdominal  aegmenta 
are  narrow  and  only  imperfectly  preserved. 

The  specimen  is  from  the  Upper  Gretaoeoas  of  Hornby  Island, 
and  was  obtained  by  Mr.  W.  Harvey  in  1893. 

Mexbbia  ?  Harveti,  ap.  nov. 

The  evidence  of  this  species  rests  on  a  single  apeoimen  exposed  on 
the  half  of  a  fractured  nodule  (3^  inches  X  2^  inches),  marked 
No.  6  in  list.  It  is  also  marked  3  in  ink.  It  was  obtained  by 
Mr.  W.  Harvey  in  1695  at  Hornby  Island,  and  shows  the  remaini 
of  the  abdominal  somites  and  the  long  slender  nigoso  fore-limba 
of  the  oephalothorax  (2^  inohes  in  length  by  i  inch  in  thicbnesi). 
They  do  sot  appear  to  nave  possessed  forceps  at  their  extremities, 
but  were  monodactylous.  The  form  of  the  epimera  of  the  abdoman 
agrees  with  Meyeria  vecleniia  in  shape. 

From  the  Upper  Cretaceous.  Named  after  ita  discoverer,  Mr.  W. 
Harvey. 
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DECAPODA— BEACHTURA— CALLIAHASSID2. 
CALLIANASSA,  Leaoh,  1814. 

€aluaha8sa  Whiteavbsii,  H.  W.,  1896.      (PL  XVII,  Figs.  2a,  h.) 
Quart.  Journ.  Geol.  Soo.,  vol.  lii,  p.  223,  figs.  1,  2. 

Id  addition  to  the  Maoroaran  Deoapods  already  noticed  as  received 
from  Dr.  J.  F.  Whiteaves,  F.G.S.,  on  behalf  of  the  Geological  Survey 
of  Canada,  I  find  the  following : — 

No.  2.  Nodule  in  four  pieces  collected  by  the  Rev.  G.  W.  Taylor 
on  the  Puntledge  or  Comox  River,  Vancouver  Island,  in  1889. 

The  four  parts  of  this  nodule  display  on  the  split  surfaces  the 
remains  of  a  Callianassa,  or  possibly  parts  of  two  individuals,  but  so 
broken  up  and  detached  as  to  be  difficult  to  describe.  The  large 
fore-limbs  are  seen  (in  parts),  and  the  smaller  limbs  and  segments  of 
the  abdomen  are  also  present,  but  in  a  very  fragmentary  state.  These, 
no  doubt,  are  referable  to  one  and  the  same  species,  viz.  Callianassa 
WhiUavesii  (see  Q.J.G.S.,  1896,  vol.  lii,  p.  223,  figs.  1,  2). 

Formation :  Upper  Cretaceous. 

Locality  :  Comox  River,  Vancouver  Island. 

No.  11.  Eight  portions  of  nodules  (a  and  b,  c  and  d  being 
•counterparts ;  e  and  /  are  halves  of  distinct  nodules ;  g  and  h  are 
pieces  of  the  rock  itself,  not  nodules),  a  and  6,  c  and  d,  e  and/ 
display  the  well-preserved  flattened  chelate  hands  of  Calltanana 
Whiteavesii  (PI.  XVII,  Figs.  2a,  b)  ;  g  contains  a  fragment  of  a 
hand ;  h  is  not  a  Crustacean  fragment,  but  an  undoubted  fish-bone. 

All  these  specimens  are  from  the  North-West  Territory,  Town- 
ship 30,  Rantje  8,  west  of  4th  principal  meridian,  and  were  collected 
by  Mr.  J.  B.  Tyrrell,  F.G.S.  (May  25th,  1886). 

Note  on  NoRxn  American  Cretaceous  Speoies  of  CalltanasBa. 
Dr.  J.  F.  Whiteaves  calls  my  attention  to  a  paper  by  Mr.  W.  M. 
Gabb  in  the  Geological  Survey  of  California,  vol.  i,  Palaeontology 
(1864,  4to),  Section  iv,  Description  of  the  Cretaceous  Fossils, 
p.  57,  pi.  ix,  figs,  la,  6,  c.  Here  Mr.  Gabb  describes  and  figures 
three  small  Crustacean  fragments,  under  the  name  of  CalUanaBsa 
Stimpsoniy  from  Chico  Creek  and  Clayton  Contra  Costa  County,  and 
also  found  near  Canada  de  las  Uvas  from  both  divisions  of  the 
Califomian  Cretaceous.  PI.  ix,  fig.  la,  is  correctly  described  as  three 
segments  of  abdomen,  and  may  very  likely  belong  to  a  Ca//iana««a, 
but  figs,  lb  and  c  are  pieces  of  an  ornamented  chela  and  do  not  agree 
with  any  known  Callianassa.  Calltanassa  Stimpsoni  may  therefore 
properly  remain  on  the  list  represented  by  fig.  la,  but  the  other 
figures  do  not  belong  to  the  same  Crustacean,  and  should  be 
separated  from  it  in  future.  The  chela  may  even  have  belonged 
to  a  Brachyuran  decapod. 

EXPLANATION   OF   PLATE  XVII. 

Fio.  1. — Hophpnria   JFestoni,  IL  Woodw.,  pp.  nov.     Upper  Cretaceous  :  Red  Deer 

Kiver,  Alberta  Ran^^o,  North-West  Territories,   {a)  Parts  of  carapace  or 

cephalothorax  ;  {b)  the  scgmeuts  of  the  abdomen ;  (r)  the  penultimate 

joint  of  one  of  the  chelato  fore-limbs.    (One-third  less  than  nat.  size.) 

West  Territory,     {(f)  Shows  a  complete  ioTc-\\m\)  V\\Xv  \\a  ^^^-Ysv\^^fc^ 
chela;  (d)  another  example  with  three  jovnts  iiw\\.e^.   \Jixv??Tl^^sv\..^^^.^^\ 
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H. — Oa  A  GFbaxopbxbk  Dyxb  iBBwriiTi  nr    ■■■  Cmmb  <r 

AxDxunnoHui,  Boon-un. 

fir  Vnbmx  K.  Bd*^  Fh.D.,  of  MiinsUr. 

LAST  yaw,  whOa  on  m  azooniioii  to  Scotland,  I  visited  the 
AKTnamoialiui  peniiinilA,  wbkili,  as  is  well  known,  oohbUis  to 

•  gTMt  extent  of  rookabekoiipiig  to  the  gnbbro  family.  On  the  road 
iMdinc  from  the  little  Tillage  of  Kllhoan.  opposite  the  Isle  of  Mali. 
on  die  north  ooaat,  ft  null  qnany  hta  been  opened  Tor  road-metal, 
whioh  ahowB  aa  ezqnidto  aeotton  of  n  granopbjre  dyke  intrusive  in 

•  dark  and  almoat  bUok  fine-grained  rook,  whicli  tba  miorosoapia 
examination  proTsd  to  be  a  ^bra.  This  is,  tberefore,  &  similar 
OOOOrraDOe  to  that  of  BamavaTO,  Gat^grord,  Irotand,  which  has  been 
admirably  deaaribftd  I9  Pnflsiaor  Sollas,  and  also  that  of  Strath 
in  the  lue  of  Skye,  of  whIoh  Mr.  HRrker  has  given  ua  a  detailec! 
aooonnt  Aa  ooonmnoeB  of  thia  kind  aeem  to  be  rather  rare  and,  as 
far  aa  I  am  awara,  Utberto  not  known  from  Arduamurchan,  I  may  be 
axcntwd  for  calling  yonr  attention  to  tlie  following  short  desaripiion 
of  theae  rooka,  althoogh  there  ia  bnt  little  to  be  added  to  the  roBulis 
attained  by  the  akilfiu  reaearohea  of  the  above-mentioned  autliora, 
and  it  only  ihowa  again  that  on  Andnaniurciifln  we  are  to  expect 
veiy  nearly  the  same  geologioal  phtinomena  aa  in  the  adjacent 
ialaods,  in  partionlar  in  Skye  and  Bom. 

I  will  now  deicribe,  firstly,  the  gabbro  and  trr  to  explain  ita- 
alterationa  dne  to  the  inttaiion  of  the  granopoyre  dyke,  and 
aeoondly,  the  granophyre,  and  the  eSeot  which  the  gahbro,  thiongfa 
having  been  partly  absorbed,  hod  upon  its  composition. 

1.  Qabbro.  The  rock  under  consideration  is,  aa  far  as  I  oan 
jodge,  a  dyke-rook,  and  is  exactly  like  some  of  the  dykea  which 
ooouT  in  oonnection  with  tbe  large  gabbro  masses  of  the  Odenwald 
Mountains  in  Oennany,  which  have  been  carefully  examined  and 
desoribed  by  Professor  Chelius,  of  Darmstadt.  Owing  to  the  Teiy 
nnfavourable  weather  and  the  fact  of  the  whole  neighbourhood 
being  covered  by  deep  moorland,  I  was  unable  to  traoe  the  extension 
of  the  dyke,  and  oan  therefore  now  only  give  an  aooonnt  aa  to  how 
it  ie  exposed  in  the  quarry.  The  centre  of  the  latter  shows  the 
dyke  to  a  width  of  about  two  yards,  and  it  is  then  covered  on  both 
aides  by  debris,  so  that  the  entire  thickness  is  oertainly  greater. 
The  composition  and  structure  of  the  rock  is  not  the  eame  in  all 
its  parts. 

llie  main  mass  consists  of  a  lock  almost  black  and  of  a  fine 
angar-grained  structure,  similar  to  some  dense  quartsites,  and 
contains  no  microscopically  viaible  excretions.  By  the  aid  of  a  lens, 
however,  the  rook  is  seen  to  consist  of  small  grains  of  a  grey  and 
black  colour. 

The  structure  aa  exhibited  in  tbe  microscope  is  exquisitely  panidio- 
mcrphio,  aooording  to  Rosenbusch's  nomenclature,  the  essential 
oonstituents  being  felspar  and  pyroxene,  both  in  grains  of  about 
equal  size.  Both  in  structure  and  composition  it  ooinoides  exactly 
with  those  dyke-rocks  ot  t\ieQ&%iiwi^&&\t>Av:^^^uih  Chelius  named 
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beerbaohitey  after  the  village  Beerbaob,  wbere  they  oooar,  and  so 
this  rock  may  also  be  termed  beerbaohite. 

The  felspar,  aocording  to  its  optical  orientation,  is  very  nearly 
a  pnre  anorthite,  the  maximum  extinction  angle  on  the  basal 
plane  being  between  33^  and  34^.  It  is  perfectly  clear  and 
<x>]oarles8,  and  exhibits  no  traces  of  decomposition  or  any  alteration 
whatever,  and  only  in  some  parts  contains  a  number  of  inclusions, 
which  are  principidly  small  grains  of  pyroxene  and  magnetite,  often 
accumulating  in  the  centre.  Pyroxene  is  present  in  two  varieties, 
the  one  being  diallage,  the  other  common  augite,  both  about  in  equal 
quantities. 

The  diallage  shows  the  characteristic  structure  parallel  to  the 
orthopinacoid,  and  contains  numberless  thin  needle-shaped  inclusions 
of  black  or  brown  colour,  which  are  imbedded  parallel  to  the  vertical 
axis  as  well  as  to  the  basal  plane,  thus  producing  two  intersecting 
aystems  of  striation;  in  some  instances  they  accumulate  in  the 
centre,  leaving  the  margin  almost  free.  The  colour  of  the  crystals 
is  dull  grey,  owing  to  these  inclusions.  In  sections  perpendicular 
to  the  vertical  axis  they  appear  as  minute  black  points,  giving  the 
<»ry8tals  a  dust-like  appearance. 

The  common  augite  is  very  pale  greyish-green,  and  almost 
colourless  in  thin  slices.  It  contains  only  very  few  inclusions, 
principally  grains  of  magnetite,  and  can  therefore  easily  be  dis- 
tinguished from  diallage.  There  is  no  rhombic  pyroxene  present 
in  this  rock. 

The  third  essential  constituent  is  magnetite,  occurring  in  grains 
as  well  as  in  octahedral  crystals,  of  the  same  size  as  the  pyroxene 
and  felspar  individuals.  There  are  also  a  few  larger  patches  of 
quite  an  irregular  form  and  intergrown  with  the  other  constituents. 
Olivine  is  rare;  it  appears  in  grains,  which  through  decomposition 
are  always  partly,  and  sometimes  entirely,  altered  into  green  serpen- 
tine with  magnetite  dust.  There  are  only  very  few  accessories  ;  they 
consist  of  thin  colourless  needles  of  apatite  and  small  light-brown 
patches  of  biotite,  the  latter  usually  intergrown  with  augite. 

This  gabbro,  as  mentioned  before,  does  not  exhibit  the  same 
composition  and  structure  throughout.  There  exists  also  a  porphyritic 
variety,  which  may  be  termed  gabbro-porpbyry,  or  in  this  case 
beer bachite- porphyry.  This  variety,  however,  was  not  found  in  siW ; 
but  numerous  xenoliths,  to  adopt  Professor  Sollas's  term,  in  the 
granophyre  show  this  structure.  Although  having  to  refer  to  these 
xenoliths  later  on,  I  will  give  here  a  short  description  of  them, 
in  order  to  show  how  the  porphyritic  variety  differs  from  the 
fine-grained  gabbro.  The  colour  of  both  is  the  same,  the  only 
difference  being  small  black  patches  as  a  rule  not  more  than  half 
a  centimetre  in  diameter.  They  are  foimed  of  crystals  or  crystalline 
aggregates  of  triclinic  felspar,  showing  distinctly  the  cleavage  and 
the  twinning  lamellas.  Their  colour  being  the  same  as  that  of  the 
rock,  they  are  not  easily  discernible  at  a  first  glance. 

The  groundmass  is  in  many  parts  of  exactly  the  same  composition 
and  appearance  as  in  the  fine-grained  gabbro,  only  the  C^U^^x 
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individuals  are  in  so  far  somewhat  dififerent  as  they  exhibit  a  moT» 
lath-shaped  form. 

In  other  parts  rhombic  pyroxene  appears  in  considerable  quantity, 
and  generally  in  large  crystals,  showing  the  oharaoteristio  pleo- 
ohroism  of  ^ypers^^ene—pale  green,  yellow,  pink — and  the  parallel 
extinction ;  the  individuals  are  not  homogeneous,  but  show  a  poikilitic 
structure,  being  intergrown  with  numerous,  irregularly  disseminated, 
lath-shaped,  plagioolase  crystals. 

The  microscopic  examination  of  the  porphyritic  plagioolase  orystak 
shows  that  they  are  also  nearly  pure  anorthite,  like  the  plagioolase 
in  the  ground  mass  and  in  the  above-described  beerbaohite,  the 
maximum  extinction  angle  being  about  34°  on  the  basal  plane.  The 
black  colour  is  due  to  a  great  quantity  of  black  dust-like  inclusions 
(similar  to  the  plagioolase  in  some  diorites  from  Sweden,  commonly 
known  as  black  Swedish  granite).  They  are  in  some  parts  of  the 
crystals  more  densely  distributed  than  in  others,  and  so  give  them 
a  cloudy  appearance. 

We  have  now  to  consider  how  the^e  constituents  of  the  gabbro 
have  been  altered  by  the  intrusion  of  the  granophyre  dyke.  The 
latter,  of  a  grey  colour,  is  on  an  average  one  foot  wide,  and  has 
been  almost  vertically  intruded  into  the  surrounding  gabbro.  It 
contains  a  great  number  of  xenolitbs,  which  belong  to  the  fine- 
grained gabbro  as  well  as  to  the  porphyritic  variety.  A  detailed 
description  of  the  granophyre  will  follow  later  on ;  for  the  present 
it  may  suffice  to  say  that  the  acid  magma  has  absorbed  a  great 
quantity  of  the  gabbro,  and  the  xenolitbs  can  be  studied  in  every 
stage  of  absorption. 

The  alteration  of  the  plagioolase  can  be  studied  best  on  the 
xenolitbs  of  the  gabbro- porphyry.  On  the  margin  towards  the 
granophyre  they  first  lose  their  transparency,  and  the  outer  zone 
becomes  a  dull  greyish-brown  similar  to  decomposed  ortlioclase  in 
granite ;  the  examination  by  crossed  nicols  shows  that  actually 
a  gradual  alteration  into  ortlioclase  has  taken  place,  the  zones  being 
like  those  in  the  Bytownite  from  Barnavave,  not  sharply  defined,  but 
gradually  passing  into  one  another.  The  centre  of  the  crystals  does 
not  show  much  of  this  alteration,  there  being  only  more  or  less  thin 
threads  of  the  brownish  substance.  Furtlier  away  from  the  line  of 
junction,  where  the  granophyre  meets  the  gabbro,  the  plagioolase 
hardly  shows  any  alteration  at  all. 

Much  more  conspicuous  are  the  alterations  which  have  taken  place 
in  the  augite  —  a  fact  quite  in  accordance  with  the  observations 
made  by  Professor  Sollas  and  Mr.  Harker.  Here,  as  in  the 
Barnavave  gabbro,  there  are  principally  three  different  products 
of  alteration,  those  being  green,  rarely  brownish-green  hornblende, 
biotite,  and  granular  augite,  to  which  in  some  cases  steatite  may  be 
added.  The  last-named  occurs  only  in  the  gabbro-porphyry,  and  is 
the  alteration  product  of  the  rhombic  pyroxene.  Near  the  junction 
line  of  the  two  rocks  the  outer  zone  of  the  hyperstheue  assumes 
a  green  colour  and  becomes  less  transparent;  this  alteration  increases 
towards  the  granophyre  until  the  entire  hyperstheue  substance  is 
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changed  into  very  finely  striated  and  distinctly,  though  not  strongly, 
pleocbroic  steatite  of  a  light-green  colour. 

The  alteration  of  both  diallage  and  augite  seems  to  begin  with 
the  excretion  of  round  or  oval-shaped  grains  of  magnetite  or  titanic 
iron-ore,  sometimes  in  such  quantities  that  the  augite  seems  to  be 
nothing  but  an  agglomerate  of  them ;  then  there  appears  on  the 
margin  a  broader  or  narrower  border  of  gp^een  or  brownish-gp^een 
hornblende,  which  in  the  end  entirely  replaces  the  augite.  This 
hornblende  shows  mostly  the  characteristics  of  uralite,  but  there 
also  occasionally  occur  well-defined  crystals  which  show  no  signs 
of  the  fibrous  structure  so  characteristic  of  uralite,  and  to  judge 
from  their  peculiar  brownish-green  colour  they  may  perhaps  be 
identical  with  the  variety  called  barkevikite.  The  formation  of 
biotite  is  less  common  and  generally  occurs  in  connection  with 
green  hornblende,  intergrown  with  which  it  forms  reddish-brown 
lamellad  or  irregular  patches.  Also  the  alteration  described  by 
Professor  Sollas  as  the  breaking  up  of  the  crystals  into  numerous 
granules  has  been  observed  in  some  cases,  always  accompanied  by 
the  formation  of  magnetite ;  in  this  case  a  perfect  recrystallization 
has  taken  place. 

These  are,  in  short,  the  results  of  the  examination  of  the  gabbro 
and  the  gabbro-porphyry. 

We  must  now  turn  to  the  granophyre.  It  is  a  rather  fine-grained 
rock  of  grey  colour.  According  to  its  macroscopic  appearance  it 
might  be  termed  a  microgranite  or  aplite.  It  contains  numerous 
black  patches  of  gabbro  of  various  size  up  to  several  inches  in 
diameter,  and  is  spotted  with  luinute  black  specks ;  felspar  crystals 
are  visible  in  great  numbers,  and  reach  up  to  2  mm.  diameter. 

Under  the  microscope  the  rock  presents  a  somewhat  peculiar 
appearance,  due  to  the  remarkable  way  in  which  quartz  occurs.  It 
forms,  as  a  rule,  small  crystals,  with  usually  well-defined  outlines, 
whereas  the  orthoclase  appears  as  the  interstitial  matter.  The  quartz 
crystals  are  perfectly  clear  and  contain  but  few  inclusions,  amongst 
those  many  sharply  defined,  small  crystals  of  zircon,  only  terminated 
by  the  tetragonal  pyramid. 

The  orthoclase,  owing  to  decomposition,  is  of  a  dull  grey  colour. 
It  not  only  appears,  as  mentioned  before,  filling  up  the  spaces  between 
the  quartz  crystals,  but  also  forms  rectangular  crystals  up  to  two 
millimetres  in  size ;  the  greater  part  of  the  rock,  in  fact,  is  made 
up  of  such  larger  crystals,  while  quartz  and  the  interstitial  ortho- 
clase form  a  kind  of  ground  mass. 

The  orthoclase  crystals  exhibit  in  the  centre  a  fairly  fresh  appear- 
ance, and  are  sometimes  even  quite  colourless,  while  the  outer 
zone  shows  exactly  the  same  features  as  the  felspar  of  the  ground- 
mass.  Under  crossed  nicols  this  clear  centre  in  many  cases  is  seen 
to  consist  of  twinned  triclinio  felspar,  showing  the  same  optical 
properties  as  that  in  the  gabbro.  These  parts  may  therefore 
undoubtedly  be  regarded  as  remains  of  xenocrysts  of  the  gabbro- 
plagioclase,  which  by  the  effect  of  the  acid  magma  have  on 
their  outer  parts  been  transformed  into  orthoclase ;  this  altAcoJLv^x^. 
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hH  often  gone  so  far  that  nothing  of  the  plagioolase  material  U  left, 
•nd  Mkly  the  stilt  clear  appearaoce  of  the  centre  of  the  orystali 
IndioiteB  that  originalty  plagioclaee  has  been  preseot.  By  this  we 
■n  l«d  to  the  following;  con  si  deration  as  regards  the  solidifioatioB 
of  the  granophyre.  The  acid  magma,  when  intruding  into  the 
nbteo  mass,  has  broken  up  a  great  quantity  of  the  basic  rock,  and 
Mug  in  a  state  of  hi|^  tompwitiin  nd  onM  flaUl^  wm  Ott 
to  abmri)  »  great  put  of  tito  gAbro  ytnolithi.  Tba  pliriiBliii 
xenoafjvti  hod  alio  bean  partly  abantfoad  wbaa  ft*  iiinimtartw 
of  the  xotik  bcMo  to  talu  plaoa,  tka  tot  aqmatloa  bafaig  tta 
octhodbae,  «Ui£  aryrtaUfaMd  in  purallel  intatgrowft  wi&  wMtal 
bam  loft  of  tba  plwioolaaa  fliTatua.  nraaa-vvyMU  iMgitebafaig 
M^  qnaite  oiTatalliBBd  next  fa  nnall  otTataU,  wbanaa  dw  iBt»- 
atitlal  oittioolaaa,  filling  np  the  qiaoae  batman  tiba  qnaris  infindad^ 
muat  ba  oonaidared  the  Inat  vsintioa. 

Am  ftttAvt  ooturtftnanta  of  the  granoplqrta,  honblaiide,  pjiown^ 
mioa,  and  tnagnatito  an  to  ba  menmnad.  'Rin  am  pnaast  in 
oontidei^le  qnantitf,  and  diaaeminated  Ifaroo^iMt  as  whole 
nuM  of  the  roek.  They  maat,  howerar,  not  be  laptdad  aa 
orijpnating  fann  the  gianophyre  magma,  bnt  we  ^Qmt  zanoajita  of 
&»  adjaotnt  gabbro,  or  ranJit  fkom  ua  abaoTptka  (tf  bario  awtariaL 

Angite,  oaoaixing  aa  diallaga  or  aa  oomaon  angitOb  ahowa  all 
the  aame  featarea  aa  in  the  gablKO  nx^  with  ttie  diftmwa  ttat 
the  alteration  here  appeara  in  a  more  adraaoad  atage.  Otlan  Iba 
whole  of  the  angite  or  diallage  oryital  hu  been  entirely  altered  into 
green,  nralitoid  hornblende,  whereaa  in  oQiei  oaaea  one  or  aevetal 
grains  of  the  nnoltered  snbstanae  remain  enoloeed  in  the  alteration 
product  A  deoompoBition  of  the  uralite  into  a  ohloritio  Bubatanoe 
can  often  be  obseryed. 

There  is  also  another  variety  of  hornblende  preeent,  ahowing 
a  darker,  broirnish-green  colour  and  also  a  more  intense  pleoohroiam. 
It  oconrs  in  irregular  patches  and  also  in  'well-defined  orystals, 
which  eshibit  the  charactflristio  cleavages  and  the  ontlinea  of  the 
hornblende  prism.  They  are,  therefore,  not  uralite,  bnt  mnst 
be  considered  aa  separations,  or  reorystallizations,  which  can  only 
originate  ont  of  the  grsnophyrio  magma  after  it  had  been  altered 
by  the  absorption  of  the  basio  rook.  This  conoluaion  is  corroborated 
by  tbo  faot  that  suoh  hornblende  crystals  can  often  be  obaerved  on 
the  junction  line  between  the  two  rocks. 

The  hornblende  shows  the  peculiar  colouring  whiob  con  often  be 
obserred  in  the  variety  named  barkevikile,  the  outer  part  being 
brownish -green,  which  gradually  changes  towards  the  centre  iato 
red  dish- brown.  Biotite  appears  always  in  oonnection  with  hornblende. 

From  this  description  the  granophyre  is  seen  to  be  very  similar 
to  the  one  of  Bamavavs,  in  Ireland,  which  Profesaor  Sollas  deeonbed 
as  a  diallage-amphibole-augite-granophyte. 

To  sum  up  the  results  of  the  examination  of  the  rocks  from 
Ardnam  urch  an — 

1.  The  gabbro  is  presumably  a  dyke-rook,  belonging  to  the  group 
wliJcb  has  been  temied  beetbachite,  and  also  partly  a  porpbyritM 
rariefy  of  the  same— beerbachite-poTphicrii. 
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2.  It  was  solidified  before  the  intrasion  of  the  granophyre,  as  the 
latter  contains  a  great  number  of  xenolitbs  of  it,  which  have  under- 
.gone  great  alterations  through  the  action  of  the  acid  magma. 

3.  The  granophyre  has  absorbed  a  considerable  quantity  of  the 
basic  material,  thereby  altering  its  own  composition  and  giving  rise 
to  the  crystallization  of  hornblende  and  mica,  two  constituents  which 
we  have  to  consider  as  not  belonging  to  the  original  granophyre 
magma. 

4.  In  the  solidification  of  the  granophyre  two  stages  can  be 
•distinguished,  the  first  giving  rise  to  the  formation  of  the  rectangular 
orthodase  crystals,  which  crystallized  in  parallel  intergrowth  with 
the  plagioclase  xenocrysts,  the  second  forming  a  kind  of  groundmass 
in  which  fresh  quartz  crystallized,  while  the  orthoclase  filled  up  the 
remaining  spaces. 

m. — On  the  Aoe  07  the  Raised  Beach  of  Southern  Britain 

AS   SEEN    IN    GOWER.^ 

By  R.  H.  TiDDBXAN,  M.A.,  F.G.S.,  of  H.M.  Geological  Suirey. 
(Gommimicated  by  permission  of  the  Director-General  of  the  Geological  Surrey.) 

OOWER  has  a  reputation  for  its  caves  with  their  bone-beds,  and 
for  its  raised  beaches,  but  to  the  matter  of  its  Glacial  Drifts 
Tery  little  attention  has  been  paid. 

Some  of  the  caves  were  known  to  and  noted  by  Dean  Buckland.' 
The  oaves  were  long  and  diligently  explored  by  Colonel  Wood  of 
Stout  Hall,  and  the  results  carefully  collated  by  Dr.  Falconer.  A 
great  number  of  the  bones  are  exhibited  in  the  Swansea  Museum. 
Mr.  Starling  Benson,  who  lived  at  Swansea,  has  left  an  account  of 
Bacon  Hole,  and  Dr.  Falconer  has  incidentally  alluded  to  other  caves 
in  describing  the  animal  remains. 

These  three  observers  noted  the  fact  that  the  cave  fauna,  which 
included  Hyanay  Elephas  antiquus,  and  Rhinoceros  hemttoechus,  was 
found  in  bone-beds  in  the  shore  caverns  and  rested  on  or  above  a 
cemented  shelly  conglomerate,  which  was  evidently  a  raised  beach, 
for  it  formed  a  floor  across  the  cave  at  from  10  to  30  feet  above  the 
level  of  the  present  beach.  This  conglomerate  was  found  to  contain 
shells  which  could  not  be  distinguished  from  those  of  the  littoral 
zone  on  the  present  beach. 

It  was  recognized  that  the  beach  must  have  been  made  when  the 
sea  was  at  that  higher  level,  and  that  the  bones  could  not  have  been 
accumulated  until  the  coast  had  been  raised  above  the  old  beach- 
level.  But  the  further  reasoning,  which  was  chiefly  concerned  with 
the  age  of  the  bones,  was  that,  the  beach  being  evidently  rather 
recent,  the  bones  must  be  more  recent.  Falconer  did  not  appear 
quite  content  with  this,  and  called  in  Prestwich  to  assist  in  finding 
out  what  relation,  if  any,  the  bono-deposits  and  raised  beach  bore  to 
the  Glacial  deposits. 

Prestwich  appears  to  have  worked  from  the  west  along  the  coe^t 
to  Bacon  Hole,  but  not  to  the  east.     He  reported  :  *'  With  respect  to 

'  Bead  before  the  British  Association,  Section  G  (Geology),  Bradford,  Sept.,  1900. 
^  "  BeUqniaB  DiluviansB." 
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-tt«  point  I  bnti  partioularly  in  view,  viz.,  tlie  relation  of  the  GoMt 
-MTM  to  the  Bouldar-clay,  I  am  as  y^t  uuable  to  form  a  deoiM 
Opinion.  I  got  the  Bouliler-cUy  within  a  mile  of  tbe  raised  \\\mh, 
■WA  Oa  op[>osite  aides  of  the  Point  of  RhoB-Bili  the  sut>jeo(  reqaiiM 
'fitrUMr  and  more  lengtbenod  inquiry."  On  tbis  Falconer  niimmni 
■Vp  as  follows  : — 

1.  Tliat  the  Qower  caves  have  probably  been  filled  up  with 
tnuQtnalian  remaius  siuue  the  deposition  of  tbe  Itoulder-olay. 

2.  That  there  are  no  mammalian  remains  found  elsewhere  in  dia 
oanferoUB  cavea  of  Britain  referable  to  a  fatina  of  a  more  andmt 
'gtcdogical  date. 

It  IB  very  singular  how  near  these  two  eminent  men  wera  to 
'Bskiiig  a  diaaovery  for  which  they  were  even  looking.  To  the  eMl 
of  the  rich  oolony  of  oaves  between  Miuohiu  Hole  and  Baoon  &ti% 
kt  wliioh  they  were  specially  working,  the  Drift-beds  come  on  in 
-fmaa^  and  tbe  succeBsion  which  they  were  looking  for  might  h«vt 
been  very  well  seen. 

It  is  true  that  the  proper  succession  wFia  gradually  hammered  oot 
by  etplorations  in  other  places  by  tlie  Victoria  Cava  ExplotntioB 
Oommittoe,  by  the  late  Dr.  Hicks  in  the  oaves  of  North  Wales,  and 
ftt  a  later  day  by  the  Bov.  G.  C.  H.  Pollen,  but  their  researches  and 
the  fncts  evolved  by  them  received  a  long  and  welt-sustained  fira 
of  hostile  critiovsm  which  lias  not  long  come  to  an  end. 

The  survey  of  Gower  has  now  established,  I  think  I  may  say, 
inoobtestably — 

1.  That  the  ntised  beaob  is  Pre-  or  Interglaoiftl. 

2.  That  the  bone-beds  whtoli  rest  upon  it  in  the  oavea  are 
continuous  with  the  earlier  'head'  or  debris  which  liea  abore  it 
along  the  coast,  and  whioh  consists  of  limestone  fragments. 

3.  That  Glacial  Drift  again  lies  over  this. 

4.  This  in  turn  is  often  covered  by  a  later  deposit  of  'head.' 
^Frequently,  immediately  above  tbe  raised  beach  is  a  deposit  of 

sand  which  ii  probably  hiown  sand.  It  contains  in  places  land- 
snails  which  are  abundant  on  the  blown  sands  of  Qlamorganshire. 
It  is  of  a  foxy-red  colour,  and  its  lower  part  is  often  cemented 
together  into  calcareous  concretions,  containing  little  nodules  of 
manganese  and  iron.  The  sand  is  interesting  in  this  way,  that  it  is 
seen  in  many  places  where  sand  could  not  blow  now.  The  upheaval 
of  the  coast  implied  by  the  raised  beach  would  necessarily  subject 
a  wide  fringe  of  foreshore  to  tbe  action  of  the  sun  and  wind,  and  the 
blown  sand  would  result.  It  is  just  where  we  might  reaaonably 
expect  iL 

llie  section  is  not  always  oomplete.  Sometimes  the  Drift  ie 
absent,  sometimes  it  rests  on  rock,  sometimes  one  member  is  absent, 
Bometimee  another,  but  this  represents  the  succession  in  whioh  they 
always  occur  when  present,  it  is  astonishing  how  very  regular 
they  are,  considering  the  steep  irregularity  of  the  oliSa  and  coasts. 

It  wOl  of  course  be  suggested  that  the  Drift  may  have  slipped 
down  from  the  cliffs  above  on  to  the  'head.'  This  hypothesis  i» 
Airly  negatived  by  the  ^ery  b\.ic»i%  <xixi\:aat  in  material  between  th» 
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'  head'  and  the  overljing  Drift  The  latter  is  full  of  rounded  stones 
of  Carhoniferous  Sandstone  and  Old  Bed  pebbles  and  fragments^, 
with  Bcaroelj  a  trace  of  limestone,  whilst  on  the  contrary  the  under- 
lying debris  contains  nothing  but  fragments  of  limestone.  The 
change  is  exceedingly  sudden,  and  forbids  the  possibility  of  the 
Drifts  resting  on  the  cliffs  for  long  previously,  and  later  slipping 
down  on  to  the  debris.  Scattered  boulders  would  certainly  have 
occurred  in  the  debris. 

The  Drift  is  evidently  the  ordinary  Olacial  Drift  of  Olamoi^gan- 
shire,  such  as  abounds  further  to  the  north-east,  nor  can  we  doubt 
that  it  is  about  the  same  age  as  that  which  sealed  up  in  the  Victoria 
Cave  at  Settle,  and  other  caves,  the  fauna  which  has  been  so 
abundant  in  the  caves  of  Gower,  a  fauna  which  if  not  Pre-61aciaL 
was  certainly  Interglacial. 

On  the  other  hand,  the  discovery  of  the  antiquity  of  the  raised 
beach,  which  does  not  appear  to  have  been  even  hinted  at,  is  one 
which,  from  the  wide  range  of  that  physical  feature,  must  necessarily 
be  of  importance.  It  will  assist  in  building  up  the  relations  of  late 
formations  to  the  Glacial  Period  into  a  consecutive  system,  and 
establish  relations  with  other  successions  in  lands  to  wluch  Glacial 
phenomena  have  not  extended. 

ly. — Note  on  the  Age  of  the  English  Wealden  Series.^ 
By  G.  W.  Lampluoh,  F.G.S.,  of  H.M.  Geological  Survey. 

IN  recent  discussions  arising  from  the  renewed  attempts  to  define 
more  closely  the  bouiulary  between  the  JurasHio  and  Cretaceous 
systems  in  Eussia,  Germany,  Belgium,  and  France,  and  also  in  North 
America,  constant  reference  has  been  made  to  the  English  Wealden 
deposits  as  affording  a  standard  of  comparison.  13ut,  meanwhile, 
doubt  has  been  thrown,  by  pala?ontologist8  who  have  studied  certain 
portions  of  the  Wealden  flora  and  fauna,  on  the  hitherto  accepted 
classification  of  these  English  deposits  with  the  Lower  Cretaceous, 
on  the  grounds  that  the  fossils  showed  strong  Jurassic  aflinities. 
This  opinion  has  been  expressed  by  the  late  Professor  0.  C.  Marsh 
in  regard  to  the  reptiles,  by  Dr.  A.  Smith  Woodward  in  regard  to 
the  fish,  and  by  A.  C  Sewanl  in  regard  to  the  plants.  To  prevent 
further  confusion  it  is  therefore  desirable  that  certain  facts  which 
have  been  overlooked  in  this  discussion,  though  for  the  most  part 
already  published,  should  be  restated,  since  these  facts  seem  sufficient 
to  prove  that,  at  any  rate,  the  greater  portion  of  the  English  Wealden 
series  must  remain  as  part  of  the  Lower  Cretaceous. 

It  has  not  always  been  sulBoiently  borne  in  mind  that  the  accumu- 
lation of  the  Wealden  Series  must  have  required  a  period  of  very 
long  duration.  The  sands  of  the  Hastings  Beds  may  indeed  have 
been  deposited  rather  rapidly,  but  the  shaly  clays,  with  layers  of 
shells  and  cyprids,  interstratified  with  these  sands,  indicate  slower 
sedimentation,  and  the  great  mass  of  Weald  Clay,  reaching  1,000 
feet  in  thickness,  must  represent  an  epoch  of  great  length.     Hence, 

1  Bead  before  the  BritiBb  Association,  Section  C  (Geology),  Bradford^  SQ^t.^VQ<\<\. 
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i^oe  it  Ib  nniTersnlly  acknowledgeJ  that  Uia  fresh-waUr  condi 
did  not  Bet  in  nntil  the  closing  etnges  of  the  JursBsio  period,  it  s 
inoritablv  from  this  ooiieiderHtion  aloue  that  euoh  coaditious  par- 
•ilted  into  Lower  CretaoeouB  timei. 

Again,  neariy  all  the '  Wealden '  fossils  in  which  Jurassic  affioitin 
'Imts  been  observed  have  beeu  obtained  from  the  lower  piart  of  tha 
Wealden  Seriee,  le.  from  the  Eastings  Beds,  and  very  Httle  ia  kuon 
leepeotiiig  the  coirespoudiDg  fossils  from  the  Weald  Clay,  which 
-piODftbly  nptMsDts  the  major  portion  of  the  Wealden  period. 

Moreover,  the  argument  from  the  Jurassic  afSnities  of  the  land 
ud  freah-water  fossils  alone  inspires  no  confidence,  since  if  «• 
'eliminate  the  Lower  Wealden  fossils  from  the  Lower  Cretaceoot 
-liata  oar  knowledge  is  practically  limilsd  tc  the  marine  life  of  thil 
period ;  and  it  may  be  legitimately  ai-kod  whether  the  land  and 
fteeh-water  fotHils  of  the  Hastings  Beds  are  not,  aft«r  all,  of  &n 
-charaoter  proper  to  the  lowennost  part  of  the  Cretaceons,  wherein 
•  olose  retationBhip  t^  the  immediately  preceding  period  seems  quite 
i4>propriate. 

It  ii  fa>m  tbe  stratigraphica!  evidence,  however,  that  the  Lower 
-Oietaoeons  ag«  of  at  least  the  grenler  portion  of  the  Enghsh 
Wealden  Seriea  can  be  most  satis  fact  ori  I  y  established  by  its  relation 
to  the  marine  tcquence  which  must  form  the  ultimate  basii^  of  ths 
duaifioation.  1'lie  marine  bods  directly  overlying  the  Weald  Clay 
in  the  Bonth  of  England  represent  only  the  latest  stage  (Aptien)  of 
the  Lower  CretnceoiiB  period;  and  although  tijere  is  a  sharp  line 
of  demarcation  at  thuir  Loiie,  this  soumii  to  donate  a  r^pid  chaujje  of 
oondttions  and  not  a  lengthy  time -interval,  sinoe  the  inooming  of 
marine  or  brackish -water  shells  near  the  top  cf  the  Wealden  strata 
in  Dorset,  Hampshire,  and  Sarrey,  foreshadowing  the  termination  of 
the  fresh-water  episode,  indicates  that  the  series  is  praotioally  com- 
plete, and  had  undergone  little,  if  any,  erosion  in  theee  parts  before 
the  deposition  of  the  overlying  marine  strata.  Such  erosion  may, 
however,  have  taken  place  looally  towards  the  easterly  and  weaterly 
terminations  of  the  basin  of  deposition,  where  the  topmost  beds  of 
the  Wealden  Series  are  not  found. 

Id  the  Speeton  Clay,  where  the  Lower  Cretaceous  marine  Beqnenoe 
is  fully  represented,  the  equivalents  of  the  Lower  Greensand  and 
Atherfield  Clay  of  the  South  of  Hugland  are  comprised  within 
a  relatively  narrow  compass  in  the  sparingly  fosailiferous  upper 
part  of  the  sequence ; '  and  therefore,  by  far  the  greater  portion  of 
the  Lower  Cretaceous  period,  if  represented  at  all  in  the  South  of 
England,  must  be  represented  in  the  Wealden  Series,  The  portion  of 
the  Speeton  Clay  unrepresented  by  marine  sediments  in  the  south 
includes  the  lower  part  of  the  zone  of  Belemnitet  BniutvieeiuU  and 
the  whole  of  the  zone  of  Bet.  jaeulum,  both  undoubtedly  Lower 
Cretaceous  (Barrimieit,  HattUrivitn,  and  Falun^'nien),  together  trith 
the  whole  of  the  zone  of  Bel.  lateralis,  the  fauna  of  which  ehows 
Jurassic  affinities.  Furthermore,  in  tracing  this  marine  aeriea  south- 
ward from  Yorkshire,  through  Lincolnshire  into  Norfolk,  the  author 

'  See  SnmnuiT;  ol'Ftofi;TtMitl&«QB^':t^«i%vn^{in  lesT,  p.  119. 
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has  found  that  in  the  latter  oonnty  the  lower  zones  are  apparently 
absent,  and  the  remaining  portion,  representing,  probably,  the  lower 
part  of  the  zone  of  Bel.  Brunsvicensis,  is  charaoterized  by  the  presence,, 
among  the  marine  fossils,  of  plant  remains,  chiefly  fragments  of  a 
Wealden  fern,  Weiehselia  (Mantelli7),  and  by  other  indications  of 
flaviatile  influence,  suggesting  the  banning  of  a  lateral  change  into 
Wealden  conditions.^ 

With  the  well- recognized  gradual  development  of  fresh- water 
conditions  in  the  Purbeck  beds  of  the  Wealden  area  towards  the 
close  of  the  Jurassic  period,  and  somewhat  similar  indications  of  the 
reversal  of  this  process  in  the  top  of  the  Weald  Clay  during  the  later 
stages  of  the  Lower  Cretaceous,  and  with  the  above-mentioned 
evidence  for  a  lateral  passage  of  part  of  the  Lower  Cretaceous 
marine  sediments  of  the  North  of  England  into  estuarine  deposita 
farther  south,  there  seems  every  reason  to  believe  that  in  the  fresh- 
water or  estuarine  strata  of  the  English  Wealden  the  whole  of  the 
time-interval  between  the  Portland ian  and  Aptien  stages  is  repre- 
sented, and  that  it  would  be  equally  erroneous  to  classify  the  series 
entirely  with  the  Jurassic  system  or  entirely  with  the  Cretaceous  if 
the  hitherto  recognized  boundary  of  these  systems  in  the  equivalent 
marine  deposits  of  other  areas  is  to  be  maintained. 
.  The  deposits  classed  as  Wealden  in  Belgium,  Germany,  and  France 
appear  to  be  much  more  restricted  in  vertical  range  than  the  English 
series,  and  to  represent  different  parts  of  the  period  in  dififerent 
places,  but  nowhere  to  imply  the  same  long  continuance  of  fresh- 
water conditions  in  a  single  area. 
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Address  to  the  Oeologioal  Section,  by  Professor  W.  J.  Sollas, 
D.Sc.,  LL.D.,  F.B.S.,  President  of  the  Seotion.   (Slightly  abridged.) 

'EnohUxonal  Oeology, 

THE  close  of  one  oenturyy  the  dawn  of  another,  may  naturally 
suggest  some  brief  retrospective  glance  over  the  path  along 
which  our  science  has  advanced,  and  some  general  survey  of  its 
present  position  from  which  we  may  gather  hope  of  its  future 
progress;  but  other  connection  with  geology  the  beginnings  and 
endings  of  centuries  have  none.  The  great  periods  of  movement 
have  hitherto  begun,  as  it  were,  in  the  early  twilight  hours,  long 
before  the  dawn.  Thus  the  first  step  forward,  since  which  there 
has  been  no  retreat,  was  taken  by  Steno  in  the  year  1669 ;  more 
than  a  century  elapsed  before  James  Button  (1785)  gave  fresh 
energy  and  better  direction  to  the  faltering  steps  of  the  young 
science;  while  it  was  less  than  a  century  later  (1863)  when  Lord 
Kelvin  brought  to  its  aid  the  powers  of  the  higher  mathematics  and 
instructed  it  in  the  teachings  of  modem  physics.  From  Steno 
onward  the  spirit  of  geology  was  catastrophic ;  from  Hutton  onward 
it  grew  increasingly  uniformitariau ;  from  the  time  of  Darwin  and 
Kelvin  it  has  become  evolutional.  The  ambiguity  of  the  word 
*  uniformitariau '  has  led  to  a  good  deal  of  fruitless  logomachy, 
against  which  it  may  be  as  well  at  once  to  guard  by  indicating  the 
sense  in  which  it  is  used  here.  In  one  way  we  are  all  unif'ormi- 
tarians,  i.e.  we  accept  the  doctrine  of  the  *'  uniform  action  of  natural 
causes,"  but,  as  applied  to  geology,  uniformity  means  more  than 
this.  Defined  in  the  briefest  fashion  it  is  the  geology  of  Lyell. 
Hutton  had  given  us  a  **  Theory  of  the  Earth,"  in  its  main  outlines 
still  faithful  and  true,  and  this  Lyell  spent  his  life  in  illustrating 
and  advocating;  but,  as  so  commonly  happens,  the  zeal  of  the 
disciple  outran  the  wisdom  of  the  master,  and  mere  opinions  were 
insisted  on  as  necessary  dogma.  What  did  it  matter  if  Hutton,  as 
a  result  of  his  inquiries  into  terrestrial  history,  had  declared  that  he 
found  no  vestige  of  a  beginning,  no  prospect  of  an  end  ?  It  would 
have  been  marvellous  if  he  had !  Consider  that  when  Hutton's 
"  Theory  "  was  published  William  Smith's  famous  discovery  had 
not  been  made,  and  that  nothing  was  then  known  of  the  orderly 
succession  of  forms  of  life,  which  it  is  one  of  the  triumphs  of  geology 
to  have  revealed ;  consider,  too,  the  existing  state  of  physics  at  the 
time,  and  that  the  modem  theories  of  energy  had  still  to  be  formu- 
lated ;  consider  also  that  spectroscopy  had  not  yet  lent  its  aid  to 
astronomy,  and  the  consequent  ignorance  of  the  nature  of  nebulas ; 

and  then,  if  you  will,  cast  a  stone  at  Hutton 

Our  science  has  become  evolutional,  and  in  the  transformation 
has  grown  more  comprehensive  :  her  petty  parochial  days  are  done, 
she  is  drawing  her  provinces  closer  around  her,  and  is  fusing  them 
together  into  a  united  and  single  commonwealth — the  science  of 
the  earth. 
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Sot  BMnly  (fea  eartli'a  otqbE,  bat  the  wliole  of  eartb-kaowIedg«  ii 
the  KitgMt  n  ooi  researob.  To  know  all  tbat  can  be  known  aboat 
Wir  ptua^  tUa,  and  nothing  lesa  than  tbia,  U  it«  aim  aad  soope. 
Sirom  ibt  BiOEphDiogical  side  geology  inquires  aot  only  into  tbe 
flkktin^  form  and  structure  of  the  earth,  but  also  into  tbe  aeries  of 
■Dpoaaam  motpfaologiool  etates  through  which  it  boa  passed  io 
kloiW«BddlRngeful  development.  Our  science  inquires  also  into 
ttw  iwlribatiOB  oT  the  earth  in  time  and  apace ;  on  the  physiologioil 
Mt  it  ItlliliM  Ae  movementa  and  aotivities  of  our  planet ;  and  not 
wi&'iU  this,  it  extends  its  researohea  into  etiology  ami 
an  to  aiHve  at  a  science  of  causation.  Id  theae  parsuia 
geoIoCT  oallv  dl  the  other  acieuces  to  her  aid.  In  our  common- 
irsalu  there  are  no  outlandera;  if  an  eraiaent  physicist  enter  our 
we  do  not  begin  at  once  fo  prepare  for  war,  becanso 
/  fint  of  bia  undertaking  a  geological  inquiry  of  itself 
1  imoD  him  all  the  duties  and  privileges  of  citizenabip. 
A  phyaient  etadjing  geology  ia  by  definition  a  geoIogisL  Our 
only  ngrM'  ia,  not  that  phyaicieta  ocoaaioually  invade  our  borders, 
bat  that  tbey  do  bat  visit  ua  ofteosr  aQ<3  make  closer  acquaintance 
withoi. 

XartgSittorgnfOuXaHk!  nmOilhaPmiod. 
If  I  am  bold  enough  to  aaert  that  eoamoBonr  ia  ao  lonpr  wBtm 
to  geology,  I  may  pntoeed  ftuther,  and  taking  admdaga  of  mj- 
temerity  paaa  on  to  apeak  of  tbingi  onoe  not  penoitted  to  aa.. 
I  piopoae  tberefofe  ts  offer  aome  abort  aooonnt  of  the  early  etagaa 
ia  the  history  of  the  earth.  Into  ita  nebular  origin  we  seed  not 
inquire — that  ia  a  subject  for  astronomers.  We  are  content  to 
accept  the  infant  earth  from  their  hands  as  a  molten  globe  ready 
made,  its  birth  from  a  gaseous  nsbnla  duly  certified.  If  we  ask,  as 
a  matter  of  curiosity,  what  was  tbe  origin  of  the  nebula,  I  fear  eroB 
aatronomera  cannot  tell  us.  There  ia  an  hypothesis  whiob  refers  it 
to  the  clashing  of  meteorites,  but  in  the  form  in  whudi  this  ii 
nsually  presented  it  does  not  help  us  much.  Such  meteoritea  as 
have  been  observed  to  penetrate  our  atmosphere  and  to  foil  on  to  the 
surface  of  the  earth  prove  on  examination  to  have  bad  an  eventtiLl 
history  of  their  own,  of  which  not  the  least  important  chapter  was 
a  passage  through  a  molten  state ;  they  would  thus  appear  to  be  the 
products  rather  than  the  progenitors  of  a  nebula. 

We  oommence  our  history,  then,  with  a  rapidly  rotating  molten 
planet,  not  imposaibly  already  solidified  about  the  centre,  and 
snrrounded  by  an  atmosphere  of  great  depth,  tbe  larger  part  of 
which  was  contributed  by  the  water  of  our  present  ooeana,  then 
existing  in  a  state  of  gas.  This  atmoaphere,  which  exerted  a  pres- 
sure of  something  like  5,0001b.  to  the  square  inch,  must  have 
played  a  very  importaDt  part  in  tbe  evolution  of  our  planet.  Tita 
molten  exterior  absorbed  it  to  an  extent  which  depended  on  the 
pressure,  and  which  may  some  day  be  learnt  from  experiment. 
Under  the  influence  of  the  rapid  rotation  of  the  earth  the  atmosphere 
would  be  much  deeper  m  e<^MLO,loTv«l  than  polar  regions,  so  that  in 
the  latter  the  loss  o£  h.«,l  loj  "teAwJio^  ■wwi.i  \»  \o.  «v««.    His 
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might  of  itself  lead  to  conveotional  currents  in  the  molten  ocaaiu 
The  effect  on  the  atmosphere  is  very  difficult  to  trace,  but  it  is 
obvious  that  if  a  high-pressure  area  originated  over  some  cooler 
region  of  the  ocean,  the  winds  blowing  out  of  it  would  drive  before 
them  the  cooler  superficial  layers  of  molten  material,  and  as  these 
were  replaced  by  hotter  lava  streaming  from  below,  the  tendency 
would  be  to  convert  the  high-  into  a  low-pressure  area,  and  to 
reverse  the  direction  of  the  winds.  Conversely,  under  a  low- 
pressure  area,  the  in-blowing  winds  would  drive  in  the  cooler 
superficial  layers  of  molten  matter  that  had  been  swept  away  from 
the  anticyclones.  If  the  difference  in  pressure  under  the  cydonio 
and  anticyclonic  areas  were  considerable,  some  of  the  gas  absorbed 
under  the  anticyclones  might  escape  beneath  the  cyclones,  and  in 
a  later  stage  of  cooling  might  give  rise  to  vast  floating  islands  of 
scoria.  Such  islands  might  be  the  first  foreshadowings  of  the  future 
continents.  Whatever  the  ultimate  effect  of  the  reaction  of  the 
winds  on  the  currents  of  the  molten  ocean,  it  is  probable  that  some 
kind  of  circulation  was  set  up  in  the  latter.  The  universal  molten 
ocean  was  by  no  means  homogeneous :  it  was  constantly  undergoing 
changes  in  composition  as  it  reacted  chemically  with  the  internal 
metallic  nucleus :  its  currents  would  streak  the  different  portions 
out  in  directions  which  in  the  northern  hemisphere  would  run  from 
N.E.  to  S.W.,  and  thus  the  differences  which  distinguish  particular 
petrological  regions  of  our  planet  may  have  commenced  their 
existence  at  a  very  early  stage.  Is  it  possible  that  as  our  know- 
ledge extends  we  shall  be  able  by  a  study  of  the  distribution  of 
igneous  rocks  and  minerals  to  draw  some  conclusions  as  to  the 
direction  of  these  hypothetical  lava  currents?  Our  planet  was 
profoundly  disturbed  by  tides,  produced  by  the  sun,  for  as  yet 
there  was  no  moon ;  and  it  has  been  suggested  that  one  of  its  tidal 
waves  rose  to  a  height  so  great  as  to  sever  its  connection  with  the 
earth  and  to  fly  off  as  the  infant  moon.  This  event  may  be  regarded 
as  marking  the  first  critical  period,  or  catastrophe  if  we  please,  in 
the  history  of  our  planet.  The  career  of  our  satellite,  after  its  escape 
from  the  earth,  is  not  known  till  it  attained  a  distance  of  nine 
terrestrial  radii ;  after  this  its  progress  can  be  clearly  followed. 
At  the  eventful  time  of  parturition  the  earth  was  rotating,  with 
a  period  of  from  two  to  four  hours,  about  an  axis  inclined  at  some 
11^  or  12*^  to  the  ecliptic.  The  time  which  has  elapsed  since  the 
moon  occupied  a  position  nine  terrestrial  radii  distant  from  the  earth 
is  at  least  fifty-six  to  fifty-seven  millions  of  years,  but  may  have 
been  much  more.  Professor  Darwin's  story  of  the  moon  is  certainly 
one  of  the  most  beautiful  contributions  ever  made  by  astronomy  to 
geology,  and  we  shall  all  concur  with  him  when  he  says,  "  A  theory 
reposing  on  vercB  causcVf  which  brings  into  quantitative  correlation 
the  length  of  the  present  day  and  month,  the  obliquity  of  the 
ecliptic,  and  the  inclination  and  eccentricity  of  the  lunar  orbit, 
must,  I  think,  have  strong  claims  to  acceptance." 

The  majority  of  geologists  have  long  hankered  after  a  metallic 
nucleus  for  the  earth,  composed  chiefly,  by  anaVo^^  V\\\i  TsvfeW>r£^Xft»^ 


^ 


*  -     « " 

of  faon.    Lord  KelTin  has  admitted  llie  probable  eodbtenea  of 

eooh  niioleasy  and  lately  Frofteadr  Wieohert  bee  fimifalied  in  wMi 

'ttMrnnimihi.— ^^  tiAWArftil^*  artnunemtm  Trfifinanr  Dttrwi»  tenna  thi—    i 


argmoeiitB— ^  powerfU    azgameoila  Proteeor  Darwi»  tenaa 
in  enpport  of  its  existenoe.    •    •    •    • 

The  ooter  enToIope  of  the  earfh  KfbiA  was  drawn  off  to  tatm  t» 
inoon  waa,  as  we  bave  semu  diaiged  wiih  ateam  and  olber  gwea 
under  a  preasnre  of  6»0001b;  to  Chf  Bcpum  faiob;  bat  as  ttie  aoMlito 
Wanderea  away  from  the  parent  pMet  this  pressnro  mmAmmif 
dimiiiidied.  Under  these  oinmmstanoes  the  moon  would  1moos» 
as  oacplorive  as  a  ohaxged  bomb,  steam  wodd  bunt  txtk  fti» 
iramberless  Toloanoes,  and  while  flie  ftoe  of  the  moon  wS^ 
ttms  have  aoqnbed  its  existing  features  tihe  footed  material  m^ 
possibly  hsTe  been  shot  so  ftr  away  from  its  or^n  as  to  hawi 
abqnired  an  indmmdent  orbii  If  so,  we  may  ask  whodior  it  miy 
not  be  possible  that  the  meteorites,  whioh  sometimes  deaoend  vjMt 
our  planet,  axe  bat  portions  of  its  own  envelope  retaming  to  it 
The  note  that  the  average  speoifio  gravity  of  those  meteorites  whioh 
have  been  seen  to  fall  is  not  mucm  above  8*2,  and  that  tiiey  hav» 
passed  throD|^  a  state  of  ftuion,  are  oonristent  with  this  soggestioD. 

Second  OriUcal  Period:  **  CmmUiidor  Stahm:* 

The  soUdifioation  of  the  earth  probably  beoame  completed  soon 
after  the  birth  of  the  moon«  The  tempmtore  of  its  snmoe  at  the 
time  of  oonsolidation  was  aboat  1170^  0*,  and  it  vras  therefiore  still 
snrroanded  by  its  primitive  deep  atmosphere  of  steam  and  other 
gases.  This  was  the  seoond  oritioal  period  in  the  history  of  the 
earth,  the  stage  of  the  "  consistentior  statos/'  the  date  of  which 
Lord  Kelvin  would  rather  know  than  that  of  the  Norman  Conquest, 
though  he  thinks  it  lies  between  twenty  and  forty  millions  of  years 
ago,  probably  nearer  twenty  than  forty. 

Now  that  the  crust  was  solid  there  was  less  reason  why  move- 
ments of  the  atmosphere  should  be  unsteady,  and  definite  regions  of 
high  and  low  pressure  might  have  been  established.  Under  the 
high-pressure  areas  the  surface  of  the  crust  would  be  depressed; 
correspondingly,  under  the  low-pressure  areas  it  would  be  raised; 
and  thus  from  the  first  the  surface  of  the  solid  earth  might  be 
dimpled  and  embossed. 

Third  Critical  Period :  Origin  of  the  Oceans, 
The  cooling  of  the  earth  would  continuously  progress,  till  the 
temperature  of  the  surface  fell  to  370^  C.,  when  that  part  of  the 
atmosphere  which  consisted  of  steam  would  begin  to  liquefy ;  then 
the  dimples  on  the  surface  would  soon  become  filled  with  super- 
heated water,  and  the  pools  so  formed  would  expand  and  deepen  till 
they  formed  the  oceans.  This  is  the  third  critical  stage  in  the 
history  of  the  earth,  dating,  according  to  Professor  Joly,  from 
between  eighty  and  ninety  millions  of  years  ago.  With  the  growth 
of  the  oceans  the  distinction  between  land  and  sea  arose — in  what 

precise  manner  we  may  proceed  to  inquire 

The  ocean  when  first  formed  would  consist  of  highly  heated 
water,  and  this,  as  is  weW  known,  \%  vci  Qii«t^^<;^  ohemical  reagent    ^ 
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-when  brought  into  oontaot  with  silioates  like  those  whioh  formed- 
the  primitive  orast.  As  a  result  of  its  aotion  saline  solutions  and 
'Chemical  deposits  would  be  formed;  the  latter,  however,  would 
probably  be  of  no  great  thickness,  for  the  time  occupied  by  the 
<X3ean  in  cooling  to  a  temperature  not  far  removed  from  the  present 
would  probably  be  included  within  a  few  hundreds  of  years. 

The  Stratified  Serie$. 

The  course  of  events  now  becomes  somewhat  obscure,  but  sooner 
-or  later  the  familiar  processes  of  denudation  and  deposition  started 
into  activity,  and  have  continued  acting  uninterruptedly  ever  since. 
The  total  maximum  thickness  of  the  sedimentary  deposits,  so  far  as 
I  can  discover,  appears  to  amount  to  no  less  than  50  miles,  made  up 
41S  follows : — 


Recent  and  Pleistocene 

X  V7W* 

4,000       ... 

Man. 

Pliocene     

• 

6,000       ... 

Pithecanthropus 

Miocene     

• 

9,000 

Oligocene 

• 

12,000 

Eocene       

*m 

12,000       ... 

Entheria. 

Cretaceoofl 

• 

14,000 

Jurasaic      

• 

8,000 

Trias 

• 

13,000       ... 

Mammals. 

Penman     

• 

12,000      ... 

Reptiles. 

Carboniferooi 

• 

24,000       ... 

Amphibia. 

DoTonian 

• 

22,000       ... 

...      Fish. 

Silurian      

• 

15,000 

Ordovician ... 

>  • 

17,000 

Cambrian   ... 

»  • 

16,000       ... 

Invertebrata. 

Keweenawan 

■  ■ 

60,000 

Penokee 

•  • 

14,000 

Horonian  ... 

>  • 

18,000 

Geologists,  impressed  with  the  tardy  pace  at  which  sediments 
appear  to  be  accumulating  at  the  present  day,  coald  not  contemplate 
this  colossal  pile  of  strata  without  feeling  that  it  spoke  of  an  almost 
inconceivably  long  lapse  of  time.  They  were  led  to  compare  its 
duration  with  the  distances  which  intervene  between  the  heavenly 
bodies ;  but  while  some  chose  the  distance  of  the  nearest  fixed  star 
as  their  unit,  others  were  content  to  measure  the  years  in  terms  of 
miles  from  the  sun. 

Evolution  of  Organiitm. 

The  stratified  rocks  wore  eloquent  of  time,  and  not  to  the  geologist 
alone,  they  appealed  with  equal  force  to  the  biologist.  Accepting 
Darwin's  explanation  of  the  origin  of  species,  the  present  rate  at 
which  form  flows  to  form  seemed  so  slow  as  almost  to  amount  to 
immutability.  How  vast,  then,  must  have  been  the  period  during 
which  by  slow  degrees  and  innumerable  stages  the  protozoon  was 
transformed  into  the  man  I  And  if  we  turn  to  the  stratified  column 
what  do  we  find  ?  Man,  it  is  true,  at  the  summit,  the  oldest  fossili- 
ferous  rocks  34  miles  lower  down,  and  the  fossils  they  contain 
•already  representing  most  of  the  great  classes  of  the  Invertebrata, 
including  Crustacea  and  Worms.  Thus  the  evolution  of  the  Yerte- 
brata  alone  is  known  to  have  occupied  a  period  re^t^SAiiLtAdw  Vi^, 


I)  WakneM  of  34  milee  of  aediment  How  mucb  greater,  thpn, 
Ipprt  luiTe  bean  the  ioterval  required  for  the  elaboration  of  lb» 
viiola  orgaaio  firorld  I 

OulofpcAnoJUtfTtmtL 
BofoM  prootyting  to  tb»  diwrnaioii  of  jttlMtw  itf  tfnt  dmmt, 
from  «  ttiuy  of  atntifled  took%  M  u  flnt  oooHdar  Ohm  -wUdt 
Iwn  b«»a  dinadj  Museattod  by  oOw  dsta.  IImm  ■»  m  ftill<nn:-r 
n>  nne  whMi  kM^i^  ilaM  tto  tapuitiia  of  ilia  wtt  «< 
■SOB,  fifly-dx  millioiu  of  jmh,  aiiiiiwnt  aitfanih  I7  ,IVB>wiir' 
Ck  H.  DnwiB.     (2)  EKum  A*  "ooMMnltor  •tatw^'^  liii«l|  l» 


tmtr  inaiio»  (Loid  KelTiB).    (t)  Sisoo  dw  « 

opMB%  •i^i^  to  nioa^  mUlinta,  nMximatK  wtfnuito  lq>  I 

J.  Jdy. 

It  tn^  b«  at  onoo  obMrred  that  tbew  wtimatoa,  tHkamt^ 
indepondeDt,  Kn  rII  of  tho  «uao  order  of  nagtatnde,  «>d  ao  fcr 
oonflniMtny  of  tuA  other.  Nor  an  tlurr  OOToeed  to  ooBoliHiaM 
drawn  from  a  itndy  of  a^tified  rooka ;  thiu  nr  ArdaUMld  Qaiki%. 
in  hi*  Addreaa  to  tUa  J3eotion  laat  jreai^  aiBnned  tha^  M  iitf  u  fhaaa 
were  oonoemed,  100  milUona  of  yearn  mi^t  raflKoe  tat  tMr 
fonnation.  There  ia,  then,  veiy  little  to  qnarrel  d»n^  and  ow 
taak  ia  reduced  to  an'  attempt,  hj  a  little  atretohing  and  a  littk 
paring,  to  bring  theae  Tarioua  aaflmatae  into  oloaer  hamonr.    .    .  . 

A  reriew  of  Uie  fitota  before  ne  aeenM  to  render  aome  radaotion  b 
Dr.  Joly'a  eatimate  imperative.  A  preoiae  aaseanaeat  ia  impoonbls, 
bat  I  should  be  inolined  myself  to  take  off  aome  tan  or  tlurtj 
millions  of  years. 

We  may  next  take  the  evidenoe  of  the  stratified  rocks.  Their 
total  mazituum  thickness  is,  as  we  have  seen,  265,000  feet,  and 
consequently,  if  they  accumulated  at  the  rate  of  one  foot  in 
a  oeutury,  as  evidenca  seems  to  suggest,  more  than  twenty-siz 
millions  of  years  must  have  elapsed  during  their  formation. 
ObseuTS  Chapter  in  the  Earth't  Hi»tory. 

Before  discussing  the  validity  of  the  argument  on  which  this  lut 
result  depends,  let  us  consider  how  far  it  harmoQizes  with  previous 
ones,  it  is  consistent  with  Lord  Kelvin's  and  Professor  Darwin's, 
but  bow  does  it  aooord  with  Professor  Joly's?  Supposing  we  rednos 
his  estimate  to  fifty-five  millions  :  what  was  the  earth  doing  during 
the  interval  between  the  period  of  fifty-five  millions  of  yean  age 
and  that  of  only  26-^  millions  ago,  when,  it  is  presumed,  sedimentwy 
rooks  commenced  to  be  formed?  Hitherto  we  have  been  able  to 
reason  on  probabilities ;  now  we  enter  the  dreary  region  of 
possibilities,  and  open  that  obscure  chapter  in  the  history  of  the 
earth  previously  hinted  at.  For  there  are  many  possible  anawera  to 
this  question.  In  the  first  plsoe,  the  evidenoe  of  the  stratified  rooka 
may  have  been  wrongly  interpreted,  and  two  or  three  times  the 
amount  of  time  we  have  demanded  may  have  been  oonsumed  in 
their  formation.  This  is  a  very  obvious  possibility,  yet  again  our 
estimate  oonoeming  these  rooka  may  be  oorreot,  but  wa  may  have 
ttToneoualy  onutt^  to  tsiVa  into  aaoaiuLt  oertain  porttooa  of  tba 
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Arohasan  oomplex^  whidh  may  represent  primitive  sedimentary 
rooks,  formed  under  exceptional  conditions,  and  subsequently 
transformed  under  the  influence  of  the  internal  heat  of  the  earth. 
This,  I  think,  would  be  Professor  Bonney's  view,  Finally,  Lord 
Kelvin  has  argued  that  the  life  of  the  sun  as  a  luminous  star  is  even 
more  briefly  limited  than  that  of  our  oceans.  In  such  a  case,  if  our 
oceans  were  formed  fifty-flve  millions  of  years  ago,  it  is  possible 
that  after  a  short  existence  as  almost  boiling  water  they  grew 
eolder  and  colder,  till  they  became  covered  with  thick  ice,  and 
moved  only  in  obedience  to  the  tides.  The  earth,  frozen  and  dark, 
except  for  the  red  glow  of  her  volcanoes,  waited  the  coming  of  the 
sun,  and  it  was  not  till  his  growing  splendour  had  banished  the  long 
Bight  that  the  cheerful  sound  of  running  waters  was  heard  again  in 
our  midst.  Then  the  work  of  denudation  and  deposition  seriously 
leoommenced,  not  to  cease  till  the  life  of  the  sun  is  spent.  Thus 
the  thickness  of  the  stratified  series  may  be  a  measure  rather  of  the 
duration  of  sunlight  than  of  the  period  which  has  elapsed  since  the 
first  formation  of  the  ocean.  It  may  have  been  so — we  cannot  tell 
-F— but  it  may  be  fairly  urged  that  we  know  less  of  the  origin, 
history,  and  constitution  of  the  sun  than  of  the  earth  itself,  and  that, 
lor  aught  we  can  say  to  the  contrary,  the  sun  may  have  been  shining 
on  the  just- formed  ocean  as  cheerfully  as  he  shines  to-day. 

Time  required  for  the  JSvolution  of  the  Living  World, 
But,  it  will  be  asked,  how  far  does  a  period  of  twenty-six  millions 
satisfy  the  demands  of  biology  ?  Speaking  only  for  myself,  although 
I  am  aware  that  eminent  biologifits  are  not  wanting  who  share  this 
opinion,  I  answer,  "amply.'*  But  it  will  be  exclaimed,  "surely 
there  are  '  comparisons  iu  things.' "  Look  at  Egypt,  where  more 
than  4,000  years  since  the  same  species  of  man  and  animals  lived 
and  flourished  as  to-day.  Examine  the  frescoes  and  study  the  living 
procession  of  familiar  forms  they  so  faithfully  portray,  and  then  tell 
us,  how  comes  it  about  that  from  changes  so  slow  as  to  be 
inappreciable  in  the  lapse  of  forty  centuries  you  propose  to  build 
np  the  whole  organic  world  in  the  course  of  a  mere  twenty-six 
millions  of  years?  To  all  which  we  might  reply  that  even 
changeless  Egypt  presents  us  with  at  least  one  change  —  the 
features  of  the  ruling  race  are  to-day  not  quite  the  same  as  those 
of  the  Pharaohs.  But,  putting  this  on  one  side,  the  admitted 
constancy  in  some  few  common  forms  proves  very  little,  for,  so  long 
as  the  environment  remains  the  same  natural  selection  yrill  conserve 
the  type,  and,  so  far  as  we  are  able  to  judge,  conditions  in  Egypt 
Eave  remained  remarkably  constant  for  a  long  period. 

Change  the  conditions,  and  the  resulting  modification  of  the 
species  becomes  manifest  enough ;  and  in  this  connection  it  is  only 
necessary  to  recall  the  remarkable  mutations  observed  and  recorded 
by  Professor  Weldon  in  the  case  of  the  crabs  in  Plymouth  Harbour. 
In  response  to  increasing  turbidity  of  the  sea- water  these  crabs  have 
undergone  or  are  undergoing  a  change  in  the  relative  dimensions  of 
ihe  carapace,  which  is  persistent,  in  one  direction,  and  rapid  enough 
to  be  determined  by  measurements  made  at  intAXN^a  ol  ^1^^  ^^«s:^ 


MA         StUem  ^Memoirs — Professor  Bollas's  Addraia 


_  I  do  not  all  change  tbeir  oharaotera  at  tbe  sams 

MtoT  aonw  U«  tUble,  in  apite  of  changing  conditioiiB,  and  tbeia 
Iwn  been  oitad  to  Jirove  that  none  of  the  penoda  we  look  upon  u 
pmbtU*,  Dot  twenty-five,  not  a  hundred  millionB  of  yeara,  EcatM 
tUJ  period  ihort  of  eternity,  is  euffioient  to  account  for  the  evolution 
^tlM(1lTitig  Wtnld.  If  the  little  tongue-ihell,  Lingula,  has  eudund 
with  next  to  no  puoeptible  change  from  the  Cambrian  down  to  liit 
WVMltt  dn,  how  long,  it  ia  eometimes  ini^nired,  would  it  require  fur 
ne  enloBon  of  the  reat  of  the  animal  kingdom?  The  reply  is 
itmple  i  the  aum  ue  diBBimilar,  and  the  same  reoord  which  aasniei 
U  <rf  ^  perrietency  of  the  Lingula  tells  ns  in  language  equally 
tmphKHfi  (n  the  OOUrae  of  evolution  which  has  led  from  tbe  low«c 

Sianiniu  npwmrdi  to  man.  In  recent  and  Pleistocene  depoeits  the 
io>  of  mu  an  plentiful :  in  the  latest  Pliooene  they  have  dis- 
•^Muedt  end  we  ouoounter  the  remarkable  form  Piiheeanthtopia ; 
M  we  deMSnd  into  the  Tertiary  systems  the  higher  mammals  ar» 
met  wiOi,  klwiya  aiuking  lower  and  lower  in  the  scale  of  organiEa- 
tion  M  they  oooar  deeper  in  the  series,  till  in  tbe  Mesozoio  dopoBiU 
th(7  have  entirely  disappeared,  and  their  place  ia  taken  by  tlifl 
lower  miailieli^  a  feeble  folk,  offering  little  promise  of  tbe  future 
thcfy  wen  to  inherit.  Still  lower,  and  even  these  are  gone ;  and  in 
the  Fmnian  we  encounter  reptiles  and  the  anoestora  of  reptiiei, 
probably,  aneeaton  of  mammals  too ;  then  into  the  Carbon iferoui, 
where  we  find  amphibians,  bat  no  troe  leptilea ;  and  nest  into  <*• 
Devonian,  wfawe  fiah  predominate,  after  making  their  cwlieit 
appearaitoe  at  tbe  (doae  of  the  Silarian  times ;  thwoe  dawnward% 
and  the  vertebrata  are  no  more  found — we  ti«oe  the  evolntion  of  tbt 
inrertebrata  alone.  Thna  the  orderly  prooession  of  organic  fbmu 
follows  in  precisely  the  true  phylogenetic  sequence:  iovertabratl 
first,  then  vertebrates,  at  first  fiah,  then  amphibia,  next  reptiles, 
soon  after  mammals,  of  the  lowlier  kinds  first,  of  the  higher  later, 
and  these  in  increasing  complexity  of  structure  till  we  finally  airiTS 
at  man  himself.  While  the  living  world  was  thus  unfolding  into 
new  and  nobler  forms,  the  immatable  lAngvla  simply  perpetuated  its 
kind.  Tc  select  it,  or  other  speciea  equally  sluggi^  as  tbe  eols 
measure  of  the  rate  of  biologic  change,  would  seem  as  strange 
a  proceeding  as  to  confound  the  swiftness  of  a  river  with  the 
stagnation  of  the  pools  that  lie  beaide  its  banks.  It  ia  oooBsionallj 
objected  that  the  story  we  have  drawn  from  the  paleeontologioM 
record  is  mere  myth  or  is  founded  only  on  negative  evidenost 
Oavila  of  tbia  kind  prove  a  double  misapprehension,  partly  as  to 
the  facts,  partly  as  to  the  value  of  negative  evidence,  which  may  be 
as  good  in  its  way  as  any  other  kind  of  evidence. 

Geologists  are  not  unaware  of  the  pitfalls  whioh  beeet  n^alive 
evidence,  and  they  do  not  oonolude  from  the  abseaoa  of  fossils  in  tbe 
rocks  whioh  underlie  the  Cambrian  that  pre-Cambrian  periods  were 
devoid  of  life;  on  the  contrary,  they  are  fully  persuaded  that  the 
seas  of  those  times  were  teeming  with  a  rich  variety  of  invertebrate 
forms.  How  is  it  that,  with  the  exception  of  some  few  speoifls 
fbuDd  in  tteds  immediately  umlerljing  the  Cambrian,  tlieae  have 
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left  behind  no  reBtige  of  their  existence?  The  explanation  does 
not  lie  in  the  natnre  of  the  sediments,  which  are  not  unfitted  for  the 
preservation  of  fossils,  nor  in  tbe  composition  of  the  then  existing 
sea-water,  which  may  have  contained  quite  as  much  caloiam 
oarbonate  as  occurs  in  our  present  oceans ;  and  the  only  plausible 
supposition  would  appear  to  be  that  tbe  organisms  of  that  time  had 
not  passed  beyond  the  stage  now  represented  by  the  larvee  of 
existing  invertebrata,  and  consequently  were  either  unprovided 
with  skeletons  or  at  all  events  with  skeletons  durable  enough  for 
preservation.  If  so,  the  history  of  the  earlier  stages  of  the  evolution 
of  the  invertebrata  will  receive  no  light  from  palsBontology ;  and  no 
direct  answer  can  be  expected  to  the  question  whether,  eighteen  or 
nineteen  millions  of  years  being  taken  as  sufficient  for  the  evolution 
of  the  vertebrata,  the  remaining  available  eight  millions  would 
provide  for  that  of  the  invertebrate  classes  which  are  represented 
in  the  lowest  Cambrian  deposits.  On  d  priori  grounds  there  would 
sppear  to  be  no  reason  why  it  should  not.  If  two  millions  of  years 
ftfforded  time  enough  for  the  conversion  of  fish  into  amphibians^ 
a  similar  period  should  suffice  for  the  evolution  of  trilobites  from 
annelids,  or  of  annelids  from  trochospheres.  The  step  from 
gastmlas  to  trochospheres  might  be  accomplished  in  another  two 
millions,  and  two  millions  more  would  take  us  from  gastmlas 
through  morulas  to  protozoa. 

As  things  stand,  biologists  can  have  nothing  to  say  either  for  or 
against  such  a  conclusion :  they  are  not  at  present  in  a  position  to 
offer  independent  evidence ;  nor  can  they  hope  to  be  so  until  they 
have  vastly  extended  those  promising  investigations  which  they  are 
only  now  beginning  to  make  into  the  rate  of  the  variation  of  species. 

Unexpected  Absence  of  Thermal  Metamorphosis  in  Ancient  Bocks. 

Two  difficulties  now  remain  for  discussion  :  one  based  on  theories 
of  mountain  chains,  the  other  on  the  unaltered  state  of  some  ancient 
sediments.  The  latter  may  be  taken  first.  Professor  van  Hise 
writes  as  follows  regarding  the  pre-Cambrian  rocks  of  the  Lake 
Superior  district :  *'  The  Peuokee  series  furnishes  an  instructive 
lesson  as  to  the  depth  to  which  rocks  may  be  buried  and  yet 
remain  but  slightly  affected  by  metamorphosis.  The  series  itself 
is  14,000  feet  thick.  It  was  covered  before  being  upturned  with 
a  great  thickness  of  Eeweenaw  rock.  This  series  at  the  Montreal 
Biver  is  estimated  to  be  50,000  feet  thick.  Adding  to  this  the 
known  thickness  of  the  Penokee  series,  we  have  a  thickness  of 
64,000  feet  ....  The  Penokee  rocks  were  then  buried  to 
a  great  depth,  the  exact  amouut  depending  upon  their  horizon  and 
upon  the  stage  in  Keweenaw  time,  when  the  tilting  and  erosion, 
which  brought  them  to  the  surface,  commenced. 

"  That  the  synclinal  trough  of  Lake  Superior  began  to  form  before 
the  end  of  the  Keweenaw  period,  and  consequently  that  the  Penokee 
rocks  were  not  buried  under  the  full  succession,  is  more  than 
probable.  However,  they  must  have  been  buried  to  a  great 
depth — at  least  several  miles — and  thus  sub^eoted  tiO  VA^  '^t^'^^'qs^ 
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9aA   temperature,  notwitliBtaudiag   which  tbs;   ore  oomparativalf 
unaltered." ' 

I  BeleoC  this  exiimpla  because  it,  ie  one  of  the  best  instanoeB  of 
•  diffioulty  that  ocourfi  more  than  once  in  coneideritig  the  histot;  of 
ndimeatary  Tocke.  Ou  the  suppOHiCiou  tliat  the  rale  of  increment 
«f  temperature  with  desceot  ia  1°  F.  for  e*ery  84  feet,  or  l'^  C.  for 
flveiy  150  feet,  and  that  it  wag  no  greater  during  these  earlj 
Penokee  times,  then  at  a  depth  of  50,000  feet  the  Penofcee  rocb 
would  attain  a  temperature  of  nearly  333°  C. ;  aud  since  waur 
begins  to  exert  powerful  chemical  action  at  1^0°  C.  they  should,  oa 
the  theory  of  a  aolid  cooling  globe,  have  suffered  a  metaaiorfihoii* 
sufficient  to  obscure  their  resemhlanoe  to  sedinientaty  rocks.  Either, 
then,  the  accepted  rate  of  downward  increase  of  temperature  » 
UTDDeous,  or  the  Peuokee  rocks  were  never  depressed,  in  the  pkoe 
irhere  they  are  exposed  to  obeervatiou,  to  a  depth  of  60,000  feet. 
Let  ua  QODsider  each  alternative,  and  in  the  first  place  let  us  applj 
the  rate  of  temperature  increment  determined  by  Professor  Agutiz 
in  this  very  Lake  Superior  district :  it  is  1°  0.  for  every  402  feet, 
and  twenty-five  millions  of  years  ago,  or  about  the  lime  when  we 
piay  suppose  the  Penokee  rocks  were  being  formed,  it  would  be 
1°  C  for  every  305'6  feet,  with  a  resulting  temperature  at  a  depth 
«f  50,000  feet  of  163°  C.  only.  Thus  the  admission  of  a  very  low 
rate  of  temperature  increment  would  meet  the  difficulty;  but,  ou  tLe 
other  hand,  it  wonUl  invoive  a  period  of  several  hundreds  of  millious 
of  vf'ir.H  ftir  llie  ^:rr>  of  Hio  "  oimsisletilior  Ktatue,"  and  tkos  greatly 
exceed  Professor  Joly'a  maximum  estimate  of  th«  age  of  tha  ooeaiu. 
We  may  therefore  turn  to  the  second  alternative.  As  regards  this, 
it  is  by  no  means  certain  that  the  exposed  portion  of  the  Penokee 
series  ever  was  depressed  fiO.OOO  feet :  the  beds  He  in  a  BTnoUnsI, 
the  base  of  which  indeed  may  have  sunk  to  this  extent,  and  entered 
s  region  of  metamorphosis;  but  the  only  part  of  the  system  th«t 
lies  exposed  to  view  is  the  upturned  margin  of  the  synclinal,  and  a* 
to  this  it  would  seem  impossible  to  make  any  posiUve  assertion  w 
to  the  depth  to  which  it  may  or  may  not  have  been  depressed.  To 
keep  an  open  mind  on  the  question  seems  our  only  oourse  for 
the  present,  but  diffioulties  like  this  ofier  a  promising  field  for 
investigation. 

Tke  Formation  of  Mountain  Bangoi. 

It  is  frequently  alleged  that  mountain  chains  cannot  be  explained 
on  the  hypothesis  of  a  solid  earth  cooling  under  the  oonditiona  and 
for  the  period  we  have  supposed.  This  is  a  question  well  worthy 
of  oonside ration,  and  we  may  first  endeavour  to  picture  to  onrselves 
the  conditions  ander  which  mountain  chains  arise.  The  floor  of  the 
ocean  lies  at  an  average  depth  of  2,000  fathoms  below  the  land,  and 
is  maintained  at  a  oonstant  temperature,  closely  approaching  0°  C, 
by  the  passage  over  it  of  cold  water  creeping  ftt>m  the  polar  r^ons. 
'Ihe  average  temperature  of  the  surface  of  the  land  ia  above  zero,  but 
we  can  afford  to  disregard  the  difference  in  temperatnre  between  it 
>  IeDthABi»u>l&«i^U^.Q«<il.aiinBT,  18B8-B9,p.  U7. 
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sad  the  ooean  floor,  and  may  take  them  both  at  zero.  ConBider  next 
the  inorease  of  temperature  with  descent,  which  occurs  beneath  the 
oontinentB :  at  a  depth  of  13,000  feet,  or  at  the  same  depth  as  the 
ooean  floor,  a  temperature  of  87^  C.  will  be  reached  on  the  suppositioQ 
tiiat  the  rate  of  increase  is  1^  C.  for  150  feet,  while  with  the  usually 
aooepted  rate  of  1^  0.  for  108  feet  it  would  be  120^  C.  But  at  this^ 
depfii  the  ooean  floor,  which  is  on  the  same  spherical  surface,  is  at 
0°  C.  Thus  surfaces  of  equal  temperature  within  the  earth's  crust 
wUl  not  be  spherical,  but  will  rise  or  fall  beneath  an  imaginary 
•pherioal  or  spheroidal  surface  according  as  they  occur  beneath  the- 
oontinents  or  the  oceans.  No  doubt  at  some  depth  within  the  earth- 
the  departure  of  isothermal  surfaces  from  a  spheroidal  form  will 
disappear ;  but  considering  the  great  breadth  both  of  continents  and 
oceans  this  depth  must  be  considerable,  possibly  even  forty  or  fifty 
miles.  Thus  the  sub-continental  excess  of  temperature  may  make 
Itself  felt  in  regions  where  the  rocks  still  retain  a  high  temperature, 
and  are  probably  not  far  removed  from  the  critical  fusion-point. 
The  effect  will  be  to  render  the  continents  mobile  as  regards  the 
ooean  floor;  or,  vice  versd,  the  ocean  floor  will  be  stable  compared 
with  the  continental  masses.  Next  it  may  be  observed  that  the 
continents  pass  into  the  bed  of  the  ocean  by  a  somewhat  rapid 
flexure,  and  that  it  is  over  this  area  of  flexure  that  the  sediments 
denuded  from  the  land  are  deposited.  Under  its  load  of  sediment 
the  sea-floor  sinks  down,  subsiding  slowly,  at  about  the  same  rate 
as  the  thickness  of  sediment  increases;  and,  whether  as  a  con- 
sequence or  a  cause,  or  both,  the  flexure  marking  the  boundary  of 
land  and  sea  becomes  more  pronounced.  A  compensating  movement 
occurs  within  the  earth's  crust,  and  solid  material  may  flow  from 
under  the  subsiding  area  in  the  direction  of  least  resistance,  possibly 
towards  the  land.  At  length,  when  some  thirty  or  forty  tfiousand 
feet  of  sediment  have  accumulated  in  a  basin-like  form,  or,  according 
to  our  reckoning,  after  the  lapse  of  three  or  four  millions  of  years, 
the  downward  movement  ceases,  and  the  mass  of  sediment  is  sub- 
jected to  powerful  lateral  compression,  which,  bringing  its  borders 
into  closer  proximity  by  some  ten  or  thirty  miles,  causes  it  to  rise 
in  great  folds  high  into  the  air  as  a  mountain  chain. 

It  is  this  last  phase  in  the  history  of  mountain-making  which  has 
given  geologists  more  cause  for  painful  thought  than  probably  any 
other  branch  of  their  subject,  not  excluding  even  the  age  of  the 
earth.  It  was  at  first  imagined  that  during  the  flow  of  time  the 
interior  of  the  earth  lost  so  much  heat,  and  suffered  so  much  con- 
traction in  consequence,  that  the  exterior,  in  adapting  itself  to  the 
shrunken  body,  was  compelled  to  fit  it  like  a  wrinkled  garment 
This  theory,  indeed,  enjoyed  a  happy  existence  till  it  fell  into  the 
hands  of  mathematicians,  when  it  fared  very  badly,  and  now  lies  in 
a  pitiable  condition  neglected  by  its  friends.^ 

For  it  seemed  proved  to  demonstration  that  the  contraction  con- 
sequent on  cooling  was  wholly,  even  ridiculously,  inadequate   to 

^  With  Bome  exceptions,  notably  Mr.  G.  Davison,  a  consistent  supporter  of  the 
theory  of  contraction. 
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-explain  file  wrinUing.     Bui  wliea  i*)»  wtmmaa  mig^  mmm^ 
inqaire  into  the  data  on  wUoh  the  mafhwwatinai  aigWMflte  an 
baMd,  we  find  that  thejr  indofc  ae¥eral  mmmmg&mm  die  teA  d 
whtbh  is  bv  no  means  self-evldenti    •    •    •    • 

We  shaU  boldlv  assume  tliat  tiie  oontxaetim  at  soaie  wakamm. 
4kipQi  in  the  interor  of  the  earth  is  snffideot  t6  aibid  die  eKDhuHk. 
<tton  we  seek.  The  oonxse  of  events  msgr  tl»iMi  j^coosed  «s  JmIswi^ 
The  oontraotion  of  the  interior  of  the  esra,  oonseqiieiii  «sl  italw 
<if  heati  oansee  the  emst  to  &II  npon  it  in  ftldsb  whMi  rise  our  Al 
•eontinenis  and  sink  under  the  ooeans»  and  the  lesnwe  off  lEhe  aisfc 
-of  sedimentation  is  partly  a  ocmseciuenoe  of  this  fsUiqg;  Miilf  st 
overloading^  By  the  time  a  depression  of  some  80,000  or  4^0pOiHt 
has  ooonrred  along  the  ooean  border  the  relallon  betwestt  oontinsBii 
and  oceans  has  beoome  unstable,  and  xeadjustmeat  tafcei  jim^ 
probably  hy  a  giving  ymy  of  the  oontinents,  and  eUeSy  sloiif  As 
jGone  of  greatest  weakness,  i.e.  the  area  of  sedimentaliont  wUA  Ani 
beoomes  the  ssone  of  mountain-building.  It  msy  be  ohaerveA  Aslil 
.great  depths  readjustment  will  be  produoed  by  a  slow  flowing  d 
4K)lid  rook,  and  it  is  only  comparatively  near  the  surftoe^  ftvoor  l» 
miles  at  the  most  below,  diat  failure  of  support  oan  lead  to  anddin 
liraotore  and  ooUapse ;  henoe  the  oomparatively  supeiAolal  origin  sC 
earthquakes. 

Oiven  a  suffioientiiy  large  coeflBoient  of  egpanrion  and  ttsae  k^ 
much  to  suggest  its  existenoe— -and  all  the  plmomena  of  ssonnlaia 
ranges  become  explicable :  they  begin  to  present  an  appeaianoe  Ihst 
inyites  mathematical  treatment ;  they  inspire  us  with  die  hope  diat 
from  a  knowledge  of  the  height  and  dimensions  of  a  continent  and 
its  relations  to  the  bordering  ocean  we  may  be  able  to  predict  whsn 
and  where  a  mountain  chain  should  arise,  and  the  theory  whioh 
-explains  them  promises  to  guide  us  to  an  interpretation  of  those 
worldwide  unconformities  which  Suess  can  only  account  for  by 
«  transgression  of  the  sea.  Finally,  it  relieves  us  of  tho  difficulty 
presented  by  mountain  formation  in  regard  to  the  estimated  duration 
of  geological  time. 

Influence  of  Vartatiom  in  the  Eccentricity  of  the  EartVe  OrbiL 

This  may  perhaps  be  the  place  to  notice  a  highly  interestiog 
speculation  whioh  we  owe  to  Professor  Blytt,  Inrho  has  attempted 
to  establish  a  connection  between  periods  of  readjustment  of  the 
-earth's  crust  and  variations  in  the  eccentricity  of  the  earth's  orbit 
Without  entering  into  any  discussion  of  Professor  Blytt's  methods, 
we  may  offer  a  comparison  of  his  results  with  those  that  follow  from 
our  rough  estimate  of  one  foot  of  sediment  accumulated  in  a  century. 

Table  thawing  the  time  that  has  elapsed  since  the  Beginning  of  the  Systems  in 
the  Jirtt  eolumnf  as  reckoned  from   Thickness  qf  Sediment  in  the 
column f  and  by  Frofessor  Blytt  in  the  third: — 

Tears.  Tears. 

Eocene        4,200,000      3,260,000 

Oligocene 8,000,000      1,810,000 

Miocene      ...        1,800,000      1,100,000 

Pliocene     90Q,QQQ      700,000 

Pleistocene \^^^^^      ^V^^QQO 
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It  18  now  time  to  return  to  the  task,  too  long  postponed,  of 
discassing  the  data  from  whioh  we  have  been  led  to  oonclude  that 
a  probable  rate  at  which  sediments  have  accumulated  in  places  where 
they  attain  their  maximum  thickness  is  one  foot  per  oentury. 

Bate  of  Depoiition  of  Sediment 

We  owe  to  Sir  Archibald  Oeikie  a  most  instructive  method  of 
estimating  the  existing  rate  at  which  our  continents  and  islands  are 
being  washed  into  the  sea  by  the  action  of  rain  and  rivers  :  by  thia 
we  find  that  the  present  land  surface  is  being  reduced  in  height  to 
the  extent  of  an  average  of  tsVit  foot  yearly.^     If  the  material 
removed  from  the  land  were  uniformly  distributed  over  an  area 
eqaal  to  that  from  which  it  had  been  derived,  it  would  form  a  layer 
of  rock  aAfl  foot  thick  yearly,  i.e.,  the  rates  of  denudation  and 
deposition  would  be  identical.    But  the  two  areas,  that  of  denudation 
and  that  of  deposition,  are  seldom  or  never  equal,  the  latter  as  a  rule 
being  much  the  smaller.     Thus  the  area  of  that  part  of  North 
America  which  drains  into  the  Gulf  of  Mexico  measures  1,800,000 
square  miles ;  the  area  over  which  its  sediments  are  deposited  is,  so 
far  as  I  can  gather  from  Professor  Agassiz'  statements,  less  than 
180,000  square  miles,  while  Mr.  McGee  estimates  it  at  only  100,000 
square  miles.     Using  the  larger  number,  the  area  of  deposition  ia 
found  to  measure  one-tenth  the  area  of  denudation ;    the  average 
rate  of  deposition  will  therefore  be  ten  times  as  great  as  the  rate 
of  denudation,  or  ^^io-  foot  may  be  supposed  to  be  uniformly  dis- 
tributed over  the  area  of  sedimentation  in  the  course  of  a  year.     But 
the  thickness  by  which  we  have  measured  the  strata  of  our  geological 
systems  is  not  an  average  but  a  maximum   thickness;    we  have 
therefore  to  obtain  an  estimate  of  the  maximum  rate  of  deposition. 
If  we  assume  the  deposited  sediments  to  be  arranged  somewhat  after 
the  fashion  of  a  wedge  with  the  thin  end  seawards,  then  twice  the 
average  would  give  us  the  maximum  rate  of  deposition :  this  would 
be  one  foot  in  120  years.     But  the  sheets  of  deposited  sediment  are 
not  merely  thicker  towards  the  land,  thinner  towards  the  sea,  they 
also  increase  in  thickness  towards  the  rivers  in  which  they  have 
their  source,  so  that  a  very  obtuse-angled  cone,  or,  better,  the  down- 
turned  bowl  of  a  spoon,  would  more  nearly  represent  their  form. 
This  form  tends  to  disappear  under  the  action  of  waves  and  currents, 
but  a  limit  is  set  to  this   disturbing  influence   by  the  subsidence 
which  marks  the  region  opposite  the  mouth  of  a  large  river.     By 
this  the  strata  are  gradually  let  downwards,  so  that  they  come  to 
assume  the  form  of  the  bowl  of  a  spoon  turned  upwards.     Thus 
a  further  correction  is  necessary  if  we  are  to  arrive  at  a  fair  estimate 
of  the  maximum  rate  of  deposition.     Considering  the  very  rapid  rate 
at  which  our  ancient  systems  diminish  in  thickness  when  traced  in 
all  directions  from  the  localities  where  they  attain  their  maximum, 
it  would  appear  that  this  correction  must  be  a  large  one.     If  we 
reduce  our  already  corrected   estimate  by  one-fifth,  we  arrive  at 
a  rate  of  one  foot  of  sediment  deposited  in  a  century 

>  According  to  Professor  Peuck  -stJgq  ^<i^^- 
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It  m^  In  oll^oteil  tbat  in  fnming  oar  estimate  we  have  t^en   ^ 
fato  ■oooant  awMtanioat  sediments  only,  nnil  ignored  othera  of  equil  I 
teportBos,  tMh  as  limeetone  and  ooal.     With  regard  to  Umeauin^  4 
ito  IhickaBW  fa  tegiona  where  systems  attain  tlieir  maximnm  mtj 
be  teken  w  Dej^igible ;  dot  ia  llie  rormatioa  of  limestone  neceesarily 

•  tloir  pioOBM.     The  successful  oxperiiuents  of  T)r.  Allan,  oited  hj   : 
l)wnriD,  prove  Aat  reef-building  oorala  maj>  grow  at  the  astonishing 
wait  of  m  Aet  is  height  per  annum. 

'  fa  wmant  of  ooal  there  is  miioh  to  suggest  that  ita  growth  wu  ' 
tl^cL  na  OkAoniferons  period  well  deservea  its  name,  for  neva  I 
Wbrs^  nsTBT  rinite,  have  carbonaoeous  deposits  aocumulaled  to  aiicb    ' 

•  mcwAable  thiokncss   or   over   suuh   wide  areas   of  the    earl's 
-mrfcoa.     Tba  szplanation  is  doubtless  partly  to  be  fonod  ia  faTou^    i 
«Ua  <dimatal  oonditions,  but  also,  I  think,  in  the  ymithral  «net^    ' 
of  a  new  and  OT«rmastering  type  of  vegetation,  wbioh  then  for  tl»   " 
flnt  titae  aomitnd  the  dominion  of  the  land.      If  wa  turn  to  ok 
modarn  peat-bcMis,    the   only  oarbonaoeous   growths   available   for 
•oompirbon,  wo  mtd  (roni  data  given  by  Sir  A.  Geikie  that  a  fairly 
KTangs  rata  of  inoiease  is  6  feat  in  a  century,  which  might  porhapi 
•oonwpoadto  oos  fix»  of  ooal  in  tlM  Mune  psriod. 

lia  nte  of  dspodtion  has  bem  taksB  ■•  asUbfiB  Ant^  flii 
iiliotepniodof  timeiMoidodbrBtntiflednwks;  bat  iMlltAndl 
it  sni^OMd  that  this  InTolTCB'  a  taoit  adrnfaalon  of  mifciailj,- 
I  hasten  to  explain  Qiat  in  thu  mattsr  we  hav«  bo  oholoa ;  mt 
may  fael  oonvinoed  tliat  the  nte  has  Taried  from  time  to  tfaoa,  hot' 
in  what  direction,  or  to  what  extent,  it  is  impossible  to  oonjootnm 
That  the  sun  was  ones  muoh  hotter  is  probable,  bat  equally  so  that 
at  an  earlier  period  it  was  mnoh  uolder ;  and  even  if  in  ita  youth  all 
the  aotivitiea  of  our  planet  were  enhanced  this  fact  might  not  atbet 
the  maximum  thiokneaa  of  deposita.  An  increase  in  the  radiation  of 
the  sun,  while  it  would  stimulate  all  the  powers  of  anbaerial 
denudation,  would  also  produce  stronger  winds  and  marine  onrrenta ; 
stronger  currents  would  also  result  from  the  greater  magnitude  and 
frequency  of  the  tides,  and  thus  while  larger  quantities  of  aediment 
might  be  delivered  into  the  sea  they  would  be  distributed  over  wider 
areas,  and  the  difference  between  the  maximum  and  average  thiok- 
uesB  of  deposita  would  consequently  be  diminished.  Indioations  of 
such  a  wider  distribution  may  perhaps  be  recognized  in  the  Palsoxoio 
systems.  Thus  we  are  oompelled  to  treat  our  rate  of  deposition  as 
uniform,  notwithstanding  the  serious  error  this  may  involve 

If  one  foot  in  a  century  be  a  quantity  so  small  as  to  disappoint 
the  imagination  of  its  accustomed  exeroise,  let  us  turn  to  the 
-Oambrian  succession  of  Soandinavia,  where  all  the  zones  reoognized 
in  the  British  aeries  are  represented  by  a  column  of  sediment  290 
feet  in  thiekness.  If  1,600,000  years  be  a  correct  estimate  of  the 
duration  of  Cambrian  time,  then  each  foot  of  the  Scandinavian 
strata  must  have  oceupied  5,513  years  in  its  formation.  Are  these 
figures  sufGciently  inconceivable? 

In  the  succeeding  system,  that  of  the  Ordovician,  the  maximnm 
^loknesB  is  17,000  ieel.    1\«  i^'^oavVb  «x%  dwttibuted  over  a  wider 
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«rea  than  the  Cambriaiiy  bat  they  also  oooapied  longer  time  in  their 
formation ;  hence  the  area  from  which  they  were  deriYcd  need  not 
necessarily  have  been  larger  than  that  of  the  preceding  period. 

Great  changes  in  the  geogpi^phy  of  our  area  ushered  in  the  Silurian 
eystem :  its  maximum  thickness  is  found  over  the  Lake  district,  and 
amounts  to  15,000  feet ;  but  in  the  little  island  of  Gothland,  where 
all  the  subdivisions  of  the  system,  from  the  Llandovery  to  the  Upper 
Ludlow,  occur  in  complete  sequence,  the  thickness  is  only  208  feet 
In  Gk)thland,  therefore,  according  to  our  computation,  tiie  rate  of 
accumulation  was  one  foot  in  7,211  years. 

With  this  example  we  must  conclude,  merely  adding  that  the  same 
«tory  is  told  by  other  systems  and  other  countries,  and  that,  so  far  as 
my  investigations  have  extended,  I  can  find  no  evidence  which  would 
suggest  an  extension  of  the  estimate  I  have  proposed.  It  is  but  an 
estimate,  and  those  who  have  made  acquaintance  with  'estimates* 
in  the  practical  afifairs  of  life  will  know  how  far  this  kind  of 
oomputation  may  guide  us  to  or  from  the  truth. 

HI. — ^Thi  Bbarinos  of  Fossil  Iohthtoloot  on  the  Problem  or 
Evolution;  bbino  thb  Address  to  the  Zoologioal  Sbotion. 
By  Bamsat  H.  Traquair,  M.D.,  LL.D.,  F.B.S.,  President  of  the 
Section.    (Slightly  abridged.) 

I  HAVE  been  told  that  an  idea  is  prevalent  in  the  minds  of  recent 
biologists  that  the  results  of  Palseontology  are  so  uncertain,  so 
doubtful,  and  so  imperfeot,  that  they  are  scarcely  worthy  of  serious 
attention  being  paid  to  them.  The  best  answer  I  can  make  to  such 
an  opinion,  if  it  really  does  exist,  is  to  try  to  place  before  you  some 
evidence  that  Faladontology  is  not  mere  fossil  shell  hunting,  or  the 
making  up  of  long  lists  of  names  to  help  the  geologists  to  settle 
their  stratigrapbical  horizons,  bat  may  present  us  with  abundance 
of  matter  of  genuine  biological  interest. 

Since  the  days  of  Darwin,  there  is  one  subject  which  more  than 
all  others  engrosses  the  attention  of  scientific  biologists.  I  mean 
the  question  of  Evolution,  or  the  Doctrine  of  Descent.  From  the 
nature  of  things  it  is  clear  that  the  voice  of  the  palaBontologist  can 
only  be  heard  on  the  morphological  aspect  of  the  question,  but  to 
many  of  us,  including  myself,  the  morphological  argument  is  so 
convincing  that  we  believe  that  even  if  the  Darwinian  theory  were 
proved  to-morrow  to  be  utterly  baseless,  the  Doctrine  of  Descent 
would  not  be  in  the  slightest  degree  affected,  but  would  continue  to 
have  as  firm  a  hold  on  our  minds  as  before. 

Now  as  Pal(contology  takes  us  back,  far  back,  into  the  life  of  the 
past,  it  might  be  reasonably  expected  that  it  would  throw  great 
light  on  tlie  descent  of  animals,  but  the  amount  of  its  evidence  is 
necessarily  much  diminished  by  two  unfortunate  circumstances. 
First,  the  terrible  imperfection  of  the  geological  record,  a  fact  so 
obvious  to  anyone  having  any  acquaintance  with  geology  that  it 
need  not  be  discussed  here ;  and  secondly,  the  circumstance  that  save 
in  very  exceptional  cases  only  the  hard  parts  of  animals  are  pre- 
served, and  those  too  often  in  an  extremely  fvagiu^xilw^  v»A  ^\%\^\\^rA. 


But  thoiigli  we  canaot  expect  that  the  palorantologioal 
SMOrd  will  ever  be  anytbiDg  more  tiian  fragmeiitary,  yet  tLa  cooBtafit 
Oooomnoe  of  new  and  imjiortant  disooveries  leads  us  to  enlerisin 
tta  k^e  that,  in  coiirije  of  time,  more  and  more  of  its  pages  mil     I 
koonw  diaoloeed  to  us.  I 

■  InooTapIete,  however,  as  our  Imowledge  of  Evolutioa  as  derived 
from  Palaeontology  mast  be,  that  is  no  reason  why  we  should  not 
ifpnbe  it  at  itH  proper  value,  aud  now  and  again  stop  for  a  moioent 
to  tak*  stook  of  the  material  which  has  accumulated. 

Yon  are  all  already  acquainted  with  the  telling  evidence  in  favour 
ci  Bvolution  furnished  by  the  well-known  series  of  Mammalinn 
HmlMi  OS  vrell  as  of  teeth,  in  which  tlio  progress,  in  tfaa  couise  of 
litlM,  from  the  more  general  to  the  mors  special  is  so  obvious  tiiat 
loalmct  conceive  of  any  unprejudiced  person  shutting  his  eye«  lx> 
tfi*  infcrenoe  that  Descent  with  modiScation  is  the  reason  of  tb««e 
flrfaga  being  so.  Suppoee,  then,  that  on  this  oocasion  we  take  up 
the  palreon  to  logical  evidenoo  of  Descent  in  the  case  of  fishes.  This 
I  do  the  more  readily  because  what  original  work  I  have  been  able 
to'dobas  Iain  principally  in  the  direction  of  fossil  ichthyology;  and 
igaiiii  l)ecause  it  does  seem  to  me  that  it  is  in  this  department  that 
One  hae  most  reason  to  ciiiDpIaia  of  wunt  of  interest  on  the  part  of 
t  biologists,  even,  I  may  say,  of  some  professed  pal aso otologists 
■elves.  I  shall  in  the  main  limit  myself  to  the  oonsideratioo  of 
Felnoxoio  form«, 

Hera  I  may  be^^in  by  boldly  affirming  tbjtt  I  iadnda  the  Uanipe- 
branohii  as  fishes,  in  spite  of  the  dictum  of  Cope  that  no  i"iinil  oait 
be  a  fish  which  does  not  possess  a  lower  jaw  and  a  shoolder-girdls. 
Why  not  ?  The  position  aeeuis  to  me  to  be  a  merely  arbitrary  one ; 
and  it  is,  to  say  the  least,  not  impossible  that  the  modem  Lampreys 
and  Hags  may  be,  as  many  believe,  the  degenerate  desoendaota  of 
originally  gnathoatomatous  forms. 

To  the  origin  of  the  Vertebrata  Falreontology  gives  as  no  olae,  as 
the  forerunners  of  the  fishes  must  have  been  creatures  which,  like- 
tbe  lowest  Choi'data  of  the  present  day  (Tunioata,  Balanogloitu, 
Amphioxut),  had  no  hard  parts  capable  of  preservation.  And  though 
I  shall  presently  refer  again  to  the  subject,  1  may  here  affirm  that, 
so  far  as  I  can  read  the  record  at  least,  it  is  impossible  to  derive  bom 
FalawDtology  any  support  to  the  view,  recently  revived,  that  the 
ancient  fishes  are  in  any  way  related  to  Cmetacean  or  meroatomatoo» 
ancestors. 

What  have  we,  then,  to  say  concerning  the  most  ancient  fishes 
with  which  we  are  acquainted  ? 

The  idea  that  the  minute  bodies  known  as  Gonodonts,  which  oocnr 
from  the  Cambrian  to  the  Carboniferous,  are  the  teeth  of  fishes  and 
possibly  even  of  ancient  Karsipobranchs  may  now  be  said  to'  be 
given  up.  They  are  now  accepted  by  the  most  reliable  authorities 
as  appertaining  to  Invertebrata  such  as  Annelides  and  Qephyrea. 

Uore  recently,  however,  Rohon'  has  described  from  the  Lower 

'  "  UeboT  ontersilurischs  Fische"^  M^lODgea  G^l.  et  PsKMit.,  vol.  t 
(8t.  Petenbnrg,  1S&&),  pp.  Q-U. 
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Silarian  of  the  neighboarhood  of  St  Petenbaig  small  teeth  (PcUaodus 
and  Arekodui)  assooiated  with  Conodonts,  and  whioh  seem  to  be 
real  fish  teeth,  but  not  of  Selaohians,  as  is  shown  by  the  presenoe  of 
a  palp  oavity  sorronnded  by  non-vasoular  dentine.  It  is  impossible 
to  say  anything  more  of  their  affinities. 

Obsonre  and  fragmentary  fish  remains  have  been  obtained  by 
Waloott,  and  desoribed  by  Jaekel,  from  rooks  in  Colorado  supposed 
to  be  of  Lower  Silurian  or  Ordovioian  age.^  But  doubts  have  been 
thrown  on  their  age,  and  the  fossils  themselves,  whioh  hare,  it  must 
be  owned,  a  very  Devonian  look  about  them,  are  so  extremely 
fragmentary  that  diey  do  not  help  us  muoh  in  our  present  purpose. 

it  is  not  till  we  oome  to  the  Upper  Silurian  rooks  that  we  begin 
to  feel  the  ground  securely  under  our  feet,  though  we  may  be  oertain, 
from  the  degree  of  specialization  of  the  forms  which  we  there  find, 
that  fishes  lived  in  the  waters  of  the  globe  for  long  ages  previously. 

Characteristic  of  the  '  Ludlow  bone-bed '  are  certain  minute  scales 
on  which  Pander  founded  the  family  Coelolepidee,  having  a  flat  or 
aoulptured  crown,  below  which  is  a  constricted  'neck,'  and  then 
a  base  usually  perforated  by  an  aperture  leading  into  a  central  pulp 
oavity. 

The  genera  Thelodus,  GdoleptB,  and  others  were  founded  on  these 
dermal  bodies,  and  complete  specimens  of  Thelodtu  have  now  been 
found  in  the  Upper  Silurian  rocks  of  the  South  of  Scotland,  from 
which  it  is  evident  that  the  fish,  though  somewhat  shark-like,  can 
hardly  be  reckoned  as  a  true  Selachian.'  Thelodus  Seoticus,  Traq., 
has  a  broad  flattened  anterior  part  corresponding  to  the  head  and 
forepart  of  the  body,  very  bluntly  rounded  in  front,  and  passing 
behind  into  right  and  left  angular  flap-like  projections,  which  are 
sharply  marked  off  from  the  narrow  tail,  which  is  furnished  with 
a  deeply  cleft  heterocercal  caudal  fin.  Under  the  flap-like  lateral 
projections  are  representatives  of  pectorals  ;  no  other  fins  are  present, 
neither  do  we  find  any  teeth  or  jaws,  nor  any  trace  of  internal 
skeleton ;  and  it  is  only  a  few  days  since  Mr.  Tait,  collector  to  the 
Geological  Survey  of  Scotland,  pointed  out  to  me  in  a  recently 
acquired  specimen  a  right  and  left  dark  spot  at  the  outer  margins  of 
the  head  near  the  front,  whioh  spots  may  indicate  the  position  of  the 
eyes.  A  previously  unknown  genus,  LanarJcia,  Traq.,  also  occurs  in 
which  the  creature  has  the  very  same  form,  but  instead  of  having 
the  skin  clothed  with  small  shagreen-like  scales,  possesses  in  their 
place  minute,  sharp,  conical,  hollow  spines,  without  base  and  open 
below.  What  we  are  to  think  of  those  two  ancient  forms,  apparently 
80  primitive  and  yet  undoubtedly  also  to  a  great  extent  specialized, 
we  shall  presently  discuss. 

Let  us  now  for  a  moment  look  at  the  genus  Drepanaspis,  Schl titer, 
from  the  Lower.  Devonian  of  Gmiinden  in  Western  Germany.      We 

»  Bnlletm  Geol.  Soc.  America,  vol.  iii  (1892),  pp.  163-171. 

*  R.  H.  Traquair,  **  Report  on  Foesil  Fishes  collected  by  the  Geological  Survey 
in  the  Silurian  Rocks  of  the  South  of  Scotland'' :  Trans.  Roy.  sSoc.  £din., 
Tol.  xxxix  a899),  pp.  827-864. 

>  R.  H.  Traqoair :  Qbol.  Mao.,  April,  1900. 
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have  liere  a  etniDge  creature  whose  shape  eotirelj  reminds  Oi  of 
that  of  Thdoiv*,  having  the  same  flat  broad  anterior  part,  blnn^ 
rounded  in  front  and  angulated  behind,  to  nhich  ia  appandel 
a  narrow  tail  ending  in  a  heterooercal  caudal  fin,  which  is,  howenii 
scarcely  bilobate.  But  here  the  dermal  covering,  initoad  of  ooa- 
sistiDg  of  separate  eoates  or  spinelets,  shows  a  close  carapace  of 
hard  bony  plates,  of  which  two  are  especially  large  and  promineBt 
— the  median  dorsal  and  the  mediaii  ventral— other  large  ones  hein| 
placed  around  the  margins,  while  the  intervening  space  is  oocopisa 
cy  a  mosaic  of  small  polygonal  pieces.  The  positioD  of  the  moath, 
s  transverse  slit,  is  seen  just  at  the  anterior  margin  ;  it  is  bounded 
behind  by  a  median  mcntum  or  obin-plate,  hut  no  jaws  properly  so 
called  are  visiblo,  nor  are  there  any  teeth.  Then  oa  each  margto 
near  the  front  of  the  head  is  a  email  round  pit,  exactly  in  the 
position  of  the  dark  spot  seen  in  some  examples  of  Tht\adv»,  nhidi, 
if  not  an  orbit,  must  indioate  the  position  of  some  organ  of  sense. 
Again,  the  tail  is  covered  with  scales  after  the  monaer  of  a  '  ganoid' 
fisb,  being  rhombic  on  the  sides,  but  assuming  the  form  of  long 
deeply  imbricntiDg  fulcra  on  the  dorsal  ond  ventral  margins.     The 

Sosition  of  the  branchial  opening,  or  openings,  has  not  yet  betn 
efinitety  fiscertainad. 

All  these  plates  are  closely  covered  with  stellate  tubercles,  ud 
we  cannot  escape  from  the  conolusion  that  they  are  formed  by  the 
faaion  of  small  shagreen  bodies  like  those  of  Thdoias,  and  united  tD 
bony  matter  developed  in  a  deeper  layer  of  the  akin. 

If  the  angular  lateral  flaps  of  Thdoi^\i  represent  pectoral  fins, 
then  we  would  have  the  esceedingly  strange  phenomenon  of  sooli 
etruoturea  becoming  functionally  useless  by  enclosure  in  hard  nn- 
yielding  plates,  though  still  influencing  the  general  outline  of  the 
fisL  Be  that  as  it  may,  can  we  douht  that  in  Drepanaipis  we  have 
a  form  derived  by  specialization  from  a  Ccelolepid  ancestor  ? 

This  Drepanaepit  throws  likewise  a  much  dyeired  lit;bt  on  tha 
fragmentaiy  Devonian  remuns  known  since  Agassiis's  time  m  Aa» 
moiteuM.  These  consist  of  lai^  plat«s  and  ftvgmenta  of  pUts^ 
oompoaad  of  vaso-dentine,  and  soulptnied  externally  by  mbinto 
olosely-set  stellate  tubercles,  exactly  resembling  the  aoalw  of  mn 
flpecies  of  ThaloduM.  These  tnberolea  are  also  frequently  aznngsd  h. 
small  polygonal  areas,  reminding  m  exactly  of  the  small  poInMul 
plates  of  ikepanatpii,  and,  like  them,  often  having  a  apeduly  uigt 
tubercle  in  the  centre.  That  Ptanmoiteut  had  an  anoeatty  aimilar  to 
(hat  of  Drepanaipit  can  also  hardly  be  doubted. 

Finally,  in  the  well-known  Pferaipis  of  the  Upper  Silorian  and 
Lower  Devonian  formations  we  have  a  oreatuie  whioh  also  bM  the 
head  and  anterior  part  of  the  body  enveloped  in  a  oanmaoe,  to  wbioh 
«  tail  covered  with  rhombic  scales  is  appended  behind,  and,  tboogk 
the  caudal  fin  has  never  been  properly  seen,  sDoh  remains  of  it  M 
havB  occurred  distinctly  indioate  that  it  was  haterooeroal  in  it* 
«ontour.  The  plat«a  of  the  carapace  have  a  strikiDg  lesemblaoos 
in  general  arrangement  to  those  of  Drepanatpit,  though  the  sm^ 
polygonal  pieoea  bwe  &ua.'^'g«un&,  Ko.d  ^«t«  is  a  (romlnent  poiotsd 
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Yostram  in  front  of  the  month ;  and  it  is  to  be  noted  that  the  wtatM 
Tonnd  apertnres  uanally  snppoeed  to  be  orbits  are  in  a  position  quite 
analogous  to  that  of  the  sensory  pits  in  Drepana$pi$,  The  plates  of 
ihe  oarapaoe  of  Pieratpii  are  not,  however,  tuberonlated,  but  onuh 
mented  by  fine  olose  parallel  ridges,  the  miorosoorae  strootore  of 
whidh,  along  with  their  frequent  lateral  orennlation,  leaves  no  donM 
in  onr  minds  that  they  have  been  formed  by  the  running  together  m 
Knes  of  Thdadui'Uke  shagreen  grains.  An  aperture  supposed  to  be 
branohial  is  seen  on  the  plate  forming  the  posterior  angle  of  the 
oarapaoe  on  eaoh  side. 

Until  these  reoent  disooveries  oonoeming  the  OcBlolepida  and 
DrepanaspidsB,  Pteratpis  and  its  allies,  Oyaikatpii,  and  PalmawpU 
•«mstitnted  the  only  family  inoluded  in  Uie  order  Heterostraoi  of 
ttie  snlMslass  Ostraoodermi,  distinguished,  as  shown  by  Liuikester^ 
b^  the  absenoe  of  bone  laounn  in  the  miorosoopio  struoture  of  their 
plates.  It  is  now,  however,  olear  that  we  ean  traoe  them  baok  to  an 
anoestral  family  in  whioh  the  external  dermal  armature  was  still  in 
4he  generalized  form  of  separate  shagreen  grains  or  spinelets. 

But  the  Ostraoodermi  are  usnidly  made  to  include  two  other 
^pponps  or  orders,  namely  the  Osteostraoi  and  the  Asteiolepida.^ 

The  Osteostraoi  are  distinguished  from  the  Heterostraoi  by  the 
possession  of  laounsB  in  their  bone  struoture,  and  by  having  the 
«yes  in  the  middle  of  the  head-shield  instead  of  at  the  sides.  &pha* 
•laiptf,  whioh  ooonrs  from  the  Upper  Silurian  to  the  top  of  the 
Devonian,  is  the  best  known  representative  of  this  division.  Tngtead 
of  a  oarapaoe,  we  find  a  large  head-shield  of  one  pieoe,  though  its 
atmoture  shows  evidence  of  its  having  been  originally  oomposed  of 
a  mosaio  of  small  polygonal  plates,  and  it  is  also  to  be  noted  that 
the  surface  is  ornamented  by  small  tubercles,  there  frequently  being 
^ne  larger  in  size  in  the  centre  of  each  polygonal  area.  The 
posterior  external  angles  of  the  shield  project  backwards  in  a  right 
jmd  left  pointed  process  or  comu,  scarcely  developed  in  C.  Murehiionif 
internal  to  which,  and  also  organically  connected  with  the  head- 
shield,  is  a  rounded  flap-like  structure,  which  strongly  reminds  us 
of  the  lateral  flaps  of  the  Coelolepidsd.  The  body  is  covered  wiUi 
floales,  which  on  the  sides  are  high  and  narrow ;  there  is  a  small 
dorsal  fin,  and  the  caudal,  though  heterocercal,  is  not  bilobate.  It 
is  scarcely  necessary  for  me  to  add  that  we  find  just  as  little  evidenoo 
of  jaws  or  of  teeth  as  in  the  case  of  the  Heterostraoi. 

The  association  of  the  Heterostraoi  and  Osteostraoi  in  one  sub- 
class of  Ostraoodermi  has  been  strongly  protested  against  by  Professor 
liankester  and  Dr.  O.  M.  Beis,  but  here  the  Scottish  Silurian  strata 
oome  to  the  rescue  with  a  form  which  I  described  last  year  under 
the  name  of  Ateleaspis  tesieUata,  and  of  which  some  more  perfect 
examples  than  those  at  my  disposal  at  that  time  have  recently  oome 
to  light  through  the  labours  of  Mr.  Tait,  of  the  G^logioal  Survey  of 
fiootiUmd. 

^  To  these  I  myself  recently  added  a  foorth,  the  Anaspida,  for  the  remarkahle 
Upper  Silurian  family  of  BirKeniidflB,  hut  as  these  throw  no  light  as  yet  on  the 
problem  of  Descent  they  may  at  present  he  only  mentioned. 


4M      JMbw  of  Ifemoirs—Dr.  S.  H.  Traquaxt's  Addrtu. 

,  BiSra  WB  \aa*  a  creature  whose  general  form  reminds  ns  stronglf 
of  IMadiit,  bot  whose  close  affluily  to  Cephalaspia  ie  abaolutel/ 
pUn,  wen  it  mlj  on  account  of  the  indications  of  orbits  on  the  lap 
oftbeheKd. 

,  'Tht  mpmded  anterior  part  wliich  here  represenU  the  head-shielil 
d  OlntoMipfa  showa  not  the  aligbteat  trace  of  oornua,  but  formi 
pwttnoriy  ft  pntly  rounded  lobe  on  each  side,  clearly  suggesting 
ttat  Ihs  oonmal  fiapa  of  C'epkala*pii  are  homologous  with  snd 
dtrinbls  from  the  lateral  expanses  in  the  Ccelolepidie.  Thia  oephalio 
OOTortng  b  oomposed  of  numerous  small  polygonal  p1at«s  like  lho» 
if  wUoa  Uw  head-shield  in  Cephalmpis  no  doubt  originally  coo- 
aUtd,  and  the  minnte  tubercles  which  cover  their  outer  surfaces 
deo  nmeet  that  the  superficial  layer  was  formed  by  tbs  fusioa 
of  Ooelol^iid  icales.  The  body  ia  covered  with  rhombic  ecalee, 
Ml^titred  externally  with  tubercles  and  wavy  transverse  ridges. 
Wdwnuu^  in  tines  having  the  same  general  direction  as  the  Boutes 
of  Otfiknunit,  from  which  we  may  infer  that  the  latter  originiEed 
'  fton  ttie  raiiaci  of  soales  of  similar  form.  The  fins  are  as  io 
'CMbdofptl,  there  being  one  small  dorsal  situated  far  back,  aad 
•  Mteroowml  Oaudal,  which  is  triangular  in  shape,  and  not  deeply 
fllrft  into  oppv  and  lower  lobes  as  in  the  Ccelolcpidn.  Finally,  the 
■nlM,  on  musOBoopic  examination,  show  well -developed  bone  lacuas^ 
in  tb^  ittteraal  etrnoture. 

'  nut  AMaatpii  belongs  to  the  Osteoatraoi  there  is  thus  not  the 
snulleat  donbt,  but  its  general  resemblance  lo  the  Cwlolepidfe  in  its 
oontonr  anteriorly  led  me  to  rogard  it  m  an  onneotent  tana,  toA 
ODnsequently  to  believe  that  there  is  after  all  a  genuine  genetio  oon- 
aeotion  between  the  Hetaroatraoi  and  the  Oeteostraoi.  And  I  have 
not  seen  reason  to  depart  from  that  opinion  even  though  Atdaa*pu 
tarns  out  to  be  still  olosar  to  C^ludatpit  than  wai  apparent  in  the 
original  specimens. 

If  this  be  so,  then  Cephilatpit,  as  well  as  PUroMpit  and  it*  aUiea, 
is  traceable  to  the  C<Blolepid»,  shark-like  creatures  in  which,  as  we 
have  already  seen,  the  dermal  oovering  oonsists  of  small  ahagreen- 
like  Boales,  or  of  minnte  hollow  spines,  and  oonaeqaently  all  theoriM 
aa  to  the  arthropod  orwin  of  the  Ostracodermi,  so  far  as  they  are 
founded  on  the  external  configuration  of  the  oarapaoe  in  the  more 
■peoialized  forma,  must  fall  to  the  groond.  And  from  the  oloie 
reeemblanoe  of  these  scales  of  Thelodat  to  Elasmobranoh  shagreen 
bodies — for  forty-five  years  they  had  been,  by  moet  anthors,  aotoally 
referred  to  the  Selachii — I  oonoluded  that  the  Coelolepidee  owed  thMr 
origin  to  some  form  of  primitive  Elasmobranohs.  That  is,  however, 
not  in  aooordanoe  with  the  view  of  the  late  Professor  Cope,  that  the 
Ostraoodermi  are  more  related  to  the  Marsipobranohii,  and  that,  from 
the  apparent  absence  of  lower  jaw,  they  ehonld  be  placed  along  with 
the  last-named  group  in  a  class  of  Agnatha,  altogether  apart  from 
the  fishes  proper.  And  Dr.  Smith  Woodward,  who  is  inclined  to 
favour  Cope's  theory,  has  expressed  his  view  that  the  similarity  of 
the  Ccelolepid  scales  to  Elasmobranoh  shagreen  is  no  proof  of  an 
Slaamobranoh  demiAioa,  Wl  ^^hah  %<ulh  ttmotures,  representing  the 
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-simplest  form  of  dermal  hard  parts,  may  have  originated  inde- 
pendently in  far  distant  groups.*  Knowing  what  we  do  of  the 
•ooonrrenoe  of  strange  pandlelisms  in  evolution,  it  would  not  be 
safe  to  deny  suoh  a  possibility.  But  as  to  a  Marsipobranoh  affinity, 
I  would  point  out  that  the  apparent  want  of  lower  jaw  among  the 
hard  parts  whioh  nature  has  preserved  for  us  is  no  proof  of  the 
abaenoe  of  a  Meokelian  cartilage  among  the  soft  parts  whioh  are 
lost  to  US  for  ever ;  and  also,  as  Professor  Lankester  has  remarked, 
that  there  is  no  evidence  whatever  that  any  of  the  creatures  classed 
together  as  Ostraoodermi  were  monorhined  like  the  Lampreys.  The 
•only  fossil  vertebrate  having  a  single  median  opening,  presumably 
nasal,  in  the  front  of  the  head  is  Palao$p<mdylu8,  but,  whatever 
be  the  true  affinities  of  this  little  creature,  at  present  the  subject 
•of  so  much  dispute,  I  think  we  may  be  very  sure  that  it  is  not  an 
Ostracoderm. 

The  Devonian  '  Antiaroha '  or  Asterolepida,  of  whioh  Pter%cMhy$ 
ifl  the  best  known  genus,  are  also  usually  placed  in  the  Ostraoodermi, 
with  whioh  they  agree  in  the  possession  of  a  carapace  of  bony  plates, 
in  the  absence  of  distinct  lower  jaw  or  teeth,  in  the  non-preservation 
-of  internal  skeleton,  and  in  having  a  scaly  tail  furnished  with  a 
lieteroceroal  caudal  fin,  and,  as  in  the  Cephalaspidss,  also  with 
a  small  dorsaL  But  they  have  in  addition  a  pair  of  singular  jointed 
thoracic  limbs,  evidently  organs  of  progression,  which  are  totally 
tinlike  anything  in  the  Osteostraoi  or  in  the  Heterostraci,  or  indeed 
an  any  other  group  of  fishes.  These  limbs  are  covered  with  bony 
plates  and  hollow  inside,  but  though  I  once  fancifully  compared 
them  in  that  respect  with  the  limbs  of  insects,  I  must  protest 
strongly  against  this  expression  of  mine  being  quoted  in  favour  of 
the  arthropod  theory  of  the  derivation  of  the  Yertebrata ! 

Nor  do  I  think  that  there  is  any  probability  in  the  view  published 
l^y  Simroth  nine  years  ago,'  namely,  that  PierichihyB  may  have  been 
a  land  animal  whioh  used  its  limbs  for  progression  on  dry  ground, 
and  that  the  origin  of  the  heteroceroal  tail  was  the  bending  up  of 
the  extremity  of  the  vertebral  axis  caused  by  its  being  dragged 
behind  the  creature  in  the  act  of  walking.  That  view  was  pro- 
mulgated before  the  discovery  of  the  membranous  expanse  of  the 
oaudal  fin  in  this  genus. 

But  though  the  Asterolepida  are  apparently  related  to  and  in- 
-clnsible  in  the  Ostraoodermi,  the  geological  record  is  silent  as  to 
their  immediate  origin,  no  intermediate  forms  having  been  found 
connecting  them  more  closely  with  either  the  Heterostraci  or  the 
Osteostraoi.  In  the  possession  of  bone  lacunsd  and  of  a  dorsal  fin 
they  have  a  greater  resemblance  to  the  latter,  but  it  may  be  looked 
Qpon  as  certain  that  they  could  have  had  no  direct  origin  from  that 
group. 

As  regards  the  Ostraoodermi  as  a  sub-class,  they  become  extinct 
at  the  end  of  the  Devonian  epoch,  and  cannot  be  credited  with  any 

1  Gbol.  Mao.,  March,  1900. 

*  *'  Die  EntstehuDg  der  Landtbiere  " ;  LeipcL^)  1891. 
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AiM  in  die  e^otioD  of  die  iihae  of  mm  nont  period^  aol 
If  we  feiioie  die  OooootfeMiift  or  Azdiiodka  to  dwb  fidlo^         T» 
Ike  letter  meet  enigmatinel  groi^^  wUbh  I  dull  edll  ooot&ne  l» 
look  vifoa  ee  flehee,  I  shell  nuke  eome  wfcienoe  ftuAer  on. 


ITi— None  ov  tu  OnoLocrr  uai  PiLaonoion  ov  PiTieqiL. 
By  Piofteaor  W.  B.  Boon»  Prinoelon  Unitenilj.* 

TJIOB  die  peit  four  yeen  Pxinoeton  UniTerritf  hee  been  oondneBiy 
JD  escplonftioni  in  Petegonie  under  die  direodon  of  lEr.  J.  & 
Qetoher.  The  leige  expeniee  of  die  nndedikiiiff  heTO  been  defing^ 
bj  die.  generooity  of  firiende  in  New  York  end  Beldmoce,  end  MbXt 
Pieijpont  lioigen  hee  given  die  snm  of  £6,000  ibr  die  pnblieetionef 
the  important  results  which  Mr.  Hetoher  has  obtained. 
,  The  oldest  sedimentaiy  formation  obserred  is  a  maxine  GrataessM- 
fonnd  in  the  Oordillera ;  the  Anunonitea  of  thia  horinon  hmwb  bsfli 
studied  by  Mr.  Stanton,  and  he  repcorta  that  thsy  indioate  Gnnlt  i^ 
end  show  olose  relationship  to  the  Uitenhage  beda  of  Soudi  AMqil 

The  oldest  marine  Tsitiariea  are  given  in  the  aeotion  near  4fa( 
Straita  of  Magellan,  and  my  assistant,  Dr.  Ortmann,  infoma  ma 
that  the  fossils  point  to  a  late  Booene  or  Oligooane  i^  for  thsas 
beds,  whioh  he  has  oalled  the  Mayllanian  beda.  Theae  are  oTsdaai 
by  die  grsat  Patagonian  foxmatum,  whioh  is  of  wide  extent^  of 
marine  origin,  and  riohly  fossQiferoos.  The  200  spedos  of  marine 
invertebrate  fossils  obtained  from  this  horizon  have  been  studied  fay 
Dr.  Ortmann,  and  lead  to  some  very  interesting  oonolnaions.  In 
the  first  place  they  unequivocally  demonstrate  the  Miocene  age  of 
the  beds  (not  Cretaceous  and  oldest  Eocene  as  Ameghino  has  main- 
tained),  and  in  the  second  place  they  display  the  closest  resemblanoe 
to  the  Miocene  of  Australia  and  New  Zealand,  pointing  to  a  shore 
connection  with  those  countries  in  Miocene  times.  The  Patagonian 
and  supra-Patagonian  stages  are  shown  not  to  be  distinguishable. 

The  Santa  Cruz  beds,  a  fresh-water  and  terrestrial  formation, 
overlie  and  partially  dovetail  in  with  the  Patagonian.  They  contain 
an  incredibly  abundant  and  varied  mammalian  fauna,  of  which  a  vast 
collection  was  brought  home.  This  fauna  has  only  a  very  remote 
connection  with  the  Miocene  mammals  of  the  northern  hemisphere, 
and  strongly  confirms  Biitimeyer's  contention  of  a  southern  centre 
of  distribution.  The  presence  of  numerous  carnivorous  marsupials 
rthere  are  no  true  Carnivora)  is  additional  evidence  of  a  connection, 
nirect  or  indirect,  with  Australia.  Unconformably  overlying  the 
Santa  Cruz  is  another  marine  formation,  discovered  by  Mr.  Hatcher 
and  by  him  named  the  Cape  Fairweather  beds.  The  fossils  indioate 
the  Pliocene  age  of  these  beds. 

Mr..  Hatcher's  labours  have  thus  resulted  in  proving  that  Pata- 
gonian geology  is  in  complete  accord  with  the  system  established  for 
uie  northern  hemisphere,  and  that  it  is  not  of  such  exoeptionsl 
character  as  has  been  supposed. 

'  Bead  befora  the  BxiUfth  iymMaa^^nk^^ois^iL  0  ((}eoloS7)t  Bradford,  Sept,  1900. 


Notice%  qf  Memoim-^Prof.  Oroom — EoUylmh  Oanghm&raie.  471 
Y. — ^Ths  Pxbblss  or  thb  Holltbush  Conoloxbrats,  and  thiib 

BSABIHO     ON    LOWSB     AMD     CaMBBIAM    PALJIOOBOaBAPHT.'      Bj 

Profeaaor  Thbodobb  Qboom,  M.A.,  D.Sa 

rEi  Malvern  Hilla  are  oommonly  aapposed  to  have  formed  part 
of  an  old  ooaat  during  the  deposition  of  the  Lower  PalaBOxoio 
beds.  A  preliminary  examination  of  the  materials  of  the  HoUybush 
Oonglomerate  by  the  author  does  not  support  this  view. 

The  most  abundant  pebbles  consist  of  quartz ;  these  vary  from 
a  coarse  mosaic  of  crystals  to  a  fine  quartz-schist.  Most  of  the 
Tarieties  are  probably  of  metamorphic  origin ;  some  appear  to  be 
BDerely  yein-quartz,  and  some  represent  the  qnartzose  portions  of 
granites  and  other  rocks.  Bed  granites  and  granophyres,  often 
crushed,  are  tolerably  abundant;  these  often  contain  microdine. 
liica-schist  and  chlorite-sohist  occur  rarely.  Very  abundant  are 
different  varieties  of  felsite.  These  appear  to  be  mostly  micro-  or 
oryptociystalline,  and  often  micrographic,  rhyolites,  compact  or 
porphyritic ;  sometimes  banded,  and  occasionally  spherulitic.  Some 
of  tiie  varieties  may  represent  crushed  intrusive  felsites.  Far  rarer 
than  the  rhyolites  are  miorolithio  andesites,  or  andesitic  basalts. 
Other  pebbles,  and  the  grains  of  the  groundmass,  consist  of  materials 
derivable  from  the  rocks  mentioned  above. 

The  resemblance  of  these  materials  to  the  rocks  of  the  Malvern 
range  is  sufficiently  close  to  prove  the  Pre-Cambrian  age  of  the 
latter.  But  striking  differences  in  mioroscoplo  structure  and  in  the 
proportionate  numbers  of  corresponding  rooks  in  the  two  series,  and 
the  absence  of  any  relation  between  the  local  nature  of  the  con- 
glomerate and  that  of  the  Arohssan  mass  nearest  to  it,  can  hardly  be 
explained  except  on  the  assumption  that  the  range  itself  did  not 
furnish  the  materials. 

The  stratigraphioal  relations  of  the  conglomerate  and  Arohsean 
mass,  moreover,  appear  to  indicate  that  the  Malvern  Hills  —  the 
■onthem  portion  at  least — in  Oambrian  times  formed  part  of  an 
area  of  deposition,  and  not  of  denudation. 

The  author  maintains,  then,  that  the  Malvern  Hills  did  not  form 
a  coastline  in  Cambrian  times,  a  conclusion  which  is  in  agreement 
with  his  former  contention  that  they  arose  at  a  much  later  date. 

YL — SUOOBSTIOMS     IN     BBOABD     TO     THB     BeOISTBATIOM     OV     TtPB 

Fossils.*    By  the  Bev.  J.  F.  Blakb,  M.  A,  F.G.S. 

WHEBEAS : 
1.  There  is  now  in  existence,  and  has  been  £^  some  time, 
a  Committee  of  the  Britbh   Association  ''to  consiaer  the    best 
methods  for  the  registration  of  all  type-specimens  of  fossils  in  the 
British  Isles." 

2.  There  is  as  yet  in  course  of  production  no  general  register  of 
such  specimens. 

3.  The  original  types  are  in  many,  perhaps  the  majority  of,  oases 
either  lost,  inaccessible,  or  inadequately  preserved  or  described. 

^  Bead  before  the  Britisli  Astociation,  Section  G  (G^logy),  Bradford,  Sept.,  1900. 


47i     Noike*  of  Memoirs — Rev.  J.  F.  'Blakt—Type  Fbstib. 

'  4k  "ilaay  nsmeB  in  ootnmon  uee  have  a  foreign  origin,  which  have 
not  been  adopted  after  actual  comparison  with  the  original  forwgn 

li.  Falnontologioal  nomeDDlatare  oonaequently  BtUl  remviii 
Imdflned  with  namea  of  uncertain  value. 

It  Is  therefore  advisable  that : 

L  The  above-named  Committee  recognize  and  register  ft  new  clast 
<rf '  tj-psB,'  wbioh  ma;  be  either  original  or  adopted,  but  wbioh  satisfj 
OSitain  conditions  laid  down  to  ensure  their  having  a  definite  valoe. 
'  fi.  A  register  bo  published  annually  of  such  types,  bo  that  an 
udu'T  in  using  a  name  may  have  the  option  of  quoting  thij 
n^fler,  instead  of  the  original  author's  name. 

8.  This  register  should  give  references  {1)  to  the  author  or 
Mithoirs,  and  their  publicatious  thereupon,  who  have  first  satisfied 
tha  required  conditions ;  (2)  to  the  museum  where  the  type  ii 
dcpoaited. 

i.  The  limitation  of  types,  registered  by  the  Dritish  Aaeociation, 
■honld  have  reference  to  the  type-specimeus,  whatever  their  origin, 
iriuoh  are  deposited  in  rouseumB  within  the  United  Kingdom 
(pOiribly  to  be  enlarged  at  a  future  date  to  the  British  Empire). 

6,  The  Committee  should,  from  time  to  time,  determine  the 
AMiditioDs  required  for  registration,  but  should  be  in  no  way 
nip(HiBible  for  the  validity  of  the  'species'  to  which  tho  type 
Hmj  be  said  to  belong,  nor  for  the  name  under  which  it  is  registeiod, 
which  registration  should  apply  to  the  '  specific '  name  only,  and  not 
be  affected  by  its  rafennoe  later  to  another  genoa ;  tbo  only  (Mm 
of  the  Committee,  beyond  seeing  that  the  reqoired  oonditions  am 
aatisfied,  being  to  secure  that  identical  diagcoses  are  not  regiateied 
under  different  names,  and  that  the  same  name  is  not  lued  it 
different  times  for  different  diagnoses. 

The  suggested  conditions  for  registration  aie  ai  followa  : — 

1.  A  single  speoimen  must  he  selected  aa  the  type,  but  two  or 
more  oo-types  may  be  admitted,  which  are  identicwl  in  all  other 
respeots  save  in  the  preservation  of  different  neoessary  charaotw^ 

2.  The  exact  horizon  and  looali^  of  the  epeoimen  thna  seleoted 
must  be  known. 

S.  All  the  commonly  called  '  specific '  charaoten  required,  in  the 
class  to  which  it  belongs,  must  be  known  by  the  type  or  by  the  oo- 
types  together,  and  also  described,  and  also  the  generic  onea  when 
the  genus  is  not  obvious.  [N.B. — The  determination  whether  this 
condition  is  carried  out  in  any  partioular  case  will  reat  with  the 
member  of  the  Committee  charged  with  the  class.] 

i.  All  characters  capable  of  numerical  statement,  inolnding  m», 
proportion  of  parts  or  lines,  angle,  eto.,  must  be  bo  given.  [N.B. — 
Adequate  figures  may  suffice  for  this.] 

5.  The  type-speoimeu  must  be  permanently  plaoed  in  ft  publio 
museum  in  the  United  Kingdom. 

N.B. — It  is  not  necessary  that  the  type-epeoimen  in  the  above 
sense  should  be  the  first  anywhere  desonbed  under  the  registend 
same,  bat  only  tlie  firat  tbat  «atiAft«A  the  above  oonditioiu. 
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It  18  snggested  that  registered  types  shonld  be  quoted  as  B  1, 
B  ld^-e.g.  Terehratrda  biplieaia,  B  1,  or  Phaeop$  eatidatm,  B  18 — B 
standing  for  British,  and  the  number  for  that  of  the  year  of  the 
-century.  Speoimens  differing  notably  from  the  type,  but  inolnded 
in  the  same  species,  might  be  quoted  as  (B  1). 

TIL — On  thb  Iombous  Books  associated  with  thb  Oahbrian 
Beds  or  Malysbm.^    By  Professor  Thbodobb  Gboom,  M.A.,  D.Sc. 

fTlHB  igneous  rocks  of  the  Cambrian  beds  of  the  Southern  Malvems 
JL  have  commonly  been  regarded  as  of  volcanic  origin.  The  author, 
•after  a  careful  examination  of  the  rocks  under  the  microscope,  and 
•of  the  ground,  concludes  that  the  scoriss  and  tuffs  previously 
described  are  non-existent,  and  that  the  whole  of  the  igneous  roclu 
are  probably  intrusive.  They  consist  of  sills  and  small  laccolites 
of  basic  and  ultra-basic  olivine  diabase  and  olivine  basalt,  in  which 
olivine  is  often  extremely  abundant,  and  of  bosses  and  dykes  of 
|>eouliar  amphibole  bearing  andesites  and  andesitic  basalts.  Intrusion 
probably  took  place  in  Ordovioian  times. 

VUI. — Bbaoh  Formation  in  thb  Thirlmerb  Bbsbrvoir.    By  B.  D. 
Oldham,  F.G.S.,  Geological  Survey  of  India.^ 

READEBS  of  Mr.  Marr's  book  on  the  "Scientific  Study  of  Scenery" 
I  will  recall  the  comparison  made  by  the  author  between  the 
irregular  and  angular  outline  of  the  Thirlmere  Lake  Beservoir, 
due  to  the  submergence  of  a  land  surface  shaped  by  subaerial 
•denudation,  and  the  more  gracefully  curved  outline  of  the  natural 
lakes,  where  wind,  waves,  and  streams  have  combined  to  round  off 
the  angularities  by  wearing  away  the  prominences  and  filling  up  the 
fl^-entering  angles.  This  reproach  seems  to  the  author  to  be  some- 
what exaggerated,  as  the  shore- lines  of  the  Cumberland  Lakes  have 
only  been  partially  remodelled  by  wave  action  and  delta  formation, 
and  the  original  outlines  due  to  simple  submergence  are  still  to  be 
«een.  However  this  may  be,  the  reproach,  such  as  it  is,  is  in 
process  of  removal.  All  along  the  shore  of  the  Thirlmere  Lake 
incipient  beach  erosion  is  to  be  seen,  and  towards  the  northern  end 
of  the  lake,  where  the  shores  close  in  and  are  exposed  to  the  force  of 
the  waves  driven  along  the  length  of  the  lake  by  the  prevailing 
southerly  winds,  typical  beaches  and  beach -curves  are  being 
developed.  [Lantern-slides  showing  the  as  yet  incompleted  transition 
from  the  irregular  outlines  produced  by  submergence  to  the  regular 
ourves  of  beach-formation  were  exhibited,  and  attention  drawn  to 
this  interesting  opportunity  of  witnessing  the  gradual  formation  and 
growth  of  a  beach.] 

IX. — Bbport  of  thb  Committee  appointed  to  oompilb  an  Index 
Animalium  :  Dr.  Henry  Woodward  (Chairman),  Mr.  W.  E. 
HoTLB,  Mr.  B.  MacLachlan,  Dr.  P.  L.  Solatbr,  Bev.  T.  B.  B. 
Stebbino,  and  Mr.  F.  A.  Bather  (Secretary).^ 

THE  Committee  has  the  honour  to  report  that  this  work  has  made 
very   satisfactory  progress   in   the  hands  of  Mr.   C.   Davies 
Sherbom,  and  that  the  literature  down  to  the  year  1800  has  now 
^  Bead  before  the  Bntiah  Association,  BecUoii  C  ^QtooVo^V^^^^^^^^^^'^^^^'^^' 


Seviewt — Sommarj/  tifProgreu — 

ItHttnil^t  out  and  incleied.  Tb»  manusoript  of  this  portioo  will 
In  i^iiy  for  the  printer  in  a  few  weeks,  and  the  Committee  i» 
dinpidinog  the  hest  form  of  publication  and  estimating  the  coit. 
yWBWhile  the  indexing  of  literature  after  1800  is  being  oontinusd. 
At  tbii  Btbgs  the  Committee  would  Lie  glad  to  reoeive  Huggeetioni  or 
-"—  of  belp  for  the  publication  of  this  great  work,  ainoe  the  sumi 
to  10  generously  awarded  to  it  are  only  sufficient  for  the 
iMOeMUT  carrent  expenses,  whiob  ooDtiuue  as  before.  The  Com- 
ttlttM  dwrefore  earneetlj  requests  its  leappointnient  with  a  gisot 
of  4100. 

•  Iba  Mlowing  report  on  dates  of  publication  has  been  issued  by 
Mr.  Shcrilarn  during  the  year:  Lacep^de'a  "Tableaux  des  Mammi- 
llrtB  at  des  Oiaeaux,"  Natural  Scienee,  December,  1899.  The 
CloiBiBittae  desires  to  thank  M.  Gadeau  de  Kervitle,  Dr.  Kodolph 
"  "  -■.  of  Basel,  Mr.  F.  Juaten  (Dulau  &  Co.),  and  tlie 
1  Institution  of  Wasliiogton  for  asBistAnce  concemiog 
ntn  books  wanted  by  the  compiler. 

X.— WooDWABD'a  Table  op  Buitibh  STR&TioBApnicAi.  Gbologt 
Am  Palsontologt  ;  showing  thb  Eoohouio  Pkoddots  or  uoB 
FoaiUTioN.' 
T\B.  HENRY  WOODWAED  exhibited  on  behalf  of  Mr.  Honico 
ij  Woodward  and  himself  a  coloured  Tablo  of  British  Strata. 
mofring  Ibe  majar  tind  minor  subdivisioDS  of  the  strata,  with  their 
tliioknessei,  the  ahuacteriatio  fonUi  met  with  In  aaoh,  alao  ttair 
ooonomio  prodaots,  and  the  plaoes  thronghoat  tbeBritiili  Isle*  whv* 
tbe  several  formations  are  exposed  at  the  snrfaoe  and  oaii  be  studied. 
The  Table  will  be  published  by  Uessrs.  Dulau  &  Co.,  37,  Soho 
Square,  W. 

IZ  E  TT  I  ai  "W  a. 

SniiH&KT  or  FBoaBEBB  or  thb  Oboiooioai,  SnETBT  or  tbs 
Uhitid  Eimodoh  roB  1899.  pp.  211.  (London :  printed  for 
H.M.  Stationery  Office,  1900.    Trice  1».) 

THIS,  the  third  issue  of  the  "  Summary  of  Progress,"  hu  th» 
merit  of  being  a  trifle  shorter  than  the  previous  Dumber ;  and 
oontaina,  as  an  Appendix,  a  very  useful  "  Catalogue  of  l^pes  and 
Figured  Specimens  from  the  Eocene  and  Oligooene  Series  preaerved 
in  the  Museum  of  Practical  Qeology,"  oompiled  by  Mr.  H.  A.  Alleo. 
We  hope  that  further  iastalments  of  this  Catalogue  will  be  pnbliabed 
at  as  early  a  period  as  possible. 

With  regard  to  the  "Summary"  of  the  field-work,  we  veatore  t» 
rejoice  if  it  is  a  few  pages  shorter,  bscause  there  is  a  tendenoy  to 
print  an  exoeisive  amount  of  detail,  and  thereby  to  obsoure  the 
oharaoter  of  tbe  work  done,  I'faose  interested  in  the  progreaa  of 
■oience  want  to  know  dearly  and  readily  the  advances  whioh  have 
been  made,  not  simply  the  observations  made,   by  ofBoers  of  tbe 

>  Ethibit«d  sod  expUimd  before  the  Brituh  Aaooution  in  Seoticiii  C  {O«olog;), 
■t  Ihs  Bndlotd  Uestuic,  Ssptembet,  ISOO. 


Chobgical  Survey  qf  the  United  Kingdom,  475 

Gtoologioal  Survey,  and  it  shoald  be  more  diitiQCtly  shown  how  far 
the  obeerrationa  recorded  are  new,  or  simply  confirmatory  of  what 
others  have  made  known.  No  doubt,  to  a  large  extent,  it  is  the 
Tery  detail  itself  which  is  new,  but  this  for  the  most  part  is 
interesting  only  to  the  geologist  who  knows  the  ground  or  is 
working  at  it,  and  the  greater  part  might  perhaps  profitably  be  kept 
for  the  memoirs  illustrating  the  maps. 

The  field«work  has  ranged  over  most  of  the  formations,  with  the 
•zoeption  of  Oambrian  and  Permian.  The  pre-Cambrian  rocks  of 
the  oounties  of  Boss  and  Inverness  have  received  a  good  deal  of 
attention :  they  include  certain  displaced  masses  of  Lewisian  gneiss 
and  the  schists  known  as  the  "  Moine  series."  The  ''  Dalradian  or 
yonnger  schists  of  the  Scottish  Highlands"  receive  separate  treat- 
ment, and  it  is  remarked  that  we  may  conveniently  retain  the 
provisional  name  "  Dalradian  "  for  the  younger  schists  of  the  region 
east  of  the  line  of  the  Great  Glen.     If  it  shall  be  shown,  as  seems 

5>robable,  that  the  Moine-schists  of  the  north-west  pass  into  and 
brm  part  of  the  Dalradian  series  of  the  Central  Highlands,  a  step 
will  be  gained  towards  the  solution  of  the  problem  as  to  the  age 
and  origin  of  the  schists  of  both  regions.  We  know  that  the 
Moine-schists  of  the  north-west  have  been  pushed  into  their  present 
positions,  and  probably  have  acquired  their  present  crystalline 
oharacters,  since  Cambrian  time.  The  Survey  has  detected  bands 
of  what  appear  to  be  Arenig  rooks  wedged  in  among  the  schists 
and  grits  along  the  southern  border  of  the  Highlands.  It  thus 
seems  possible  that  the  plication  and  metamorpliism  of  the  High- 
land schists  were  not  concluded  until  Lower  Silurian  time,  and  that 
these  schists  may  have  originally  consisted  partly  of  older  Palsdozoic 
as^well  as  pre-Cambrian  sediments. 

In  the  island  of  Arran  evidence  which  tends  to  support  the 
above  suggestions  has  beea  obtained.  A  strip  of  rooks  tliat  can 
be  separated  from  the  ordinary  schists  of  the  island  has  been  found 
to  be  well  developed  in  the  valley  known  as  North  Glen  Sannox. 
It  crosses  the  glen  from  south  to  north  at  a  distance  of  rather  more 
than  a  mile  from  the  sea.  It  is  upwards  of  a  mile  and  a  half  long, 
and  from  100  to  400  yards  broad,  having  its  narrower  width  at 
the  northern  end.  The  rooks  in  this  strip  of  ground,  so  far  as  can 
be  seen,  are  not  separated  by  any  structural  line  from  the  ordinary 
schistose  grits  of  the  Highland  series,  which  they  follow  with  no 
apparent  break.  Nor  do  they  dififer  in  degree  of  metamorphism 
from  the  contiguous  Highland  schists.  A  closer  examination,  how- 
ever, reveals  some  characteristic  features  which  have  not  been  met 
with  among  the  schists,  but  which  precisely  resemble  those  already 
detected  in  the  supposed  Arenig  rooks  of  the  Highland  border. 
They  consist  of  black  shales  or  schists  and  cherts,  with  some 
intercalations  of  igneous  rook,  which  probably  include  both  volcanic 
and  intrusive  bands. 

In  the  section  on  Silurian  rooks  we  have  some  interesting 
references  to  the  igneous  rocks,  and  to  the  establishment  of  the 
eruptive  nature  of  what  were  believed  to  be  tufis  and  agglomerates 


4^  Corrfspoti(fenee—R.  Jf.  Dethy,  F.G.8. 
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In  the  aonQi-east  of  Ireland.  Vigorotia  efforts  have  been  1 
lUtomiill*  thb  relative  ngea  at  the  great  groups  of  griU  and  sUtM 
fa  Deronahire  and  Oornwall.  Im[)ortaat  details  are  given  of  tha 
woric  done  in  the  Goalfielda  of  North  StalTordahira  and  South  Wal«>. 
Hu  diMom;  of  Rheetic  fosaiU  in  the  island  of  Arran  is  of  gmt 
inlBTMt,  altlibtigU  it  appears  that  the  apeoimeua  n'era  not  found 
Mtuallj  m  n'fd,  but  enclosed  in  a  ooarae  conglomerate  that  fiUi 
•  tdIowiIo  TOht,  probably  of  Tertiary  nge.  Other  fossils,  of  Rhetio 
aqteo^  have  been  found  in  Skye.  and  aome  interesling  records  an 
ftren  oi  tha  strata  in  Sonth  Wales,  nhere  evidence  has  been 
notioed  of  tbe  local  recurrence  in  Rhmtic  beds  of  the  sedimenUry 
40iiditiou  vrtiioU  attended  the  deposition  of  the  Eeaper  Mails. 
'  Brief  nfaiences  are  given  to  wortc  in  Jurassio  and  Cretaoeoiu 
-aiMi,  and  a  list  of  foRsils  from  the  Sandgate  beds  near  Uidhunt  is 
worthy  of  meution. 

The  fnthtt  work  on  the  Tertiary  igoeoua  rocks  of  Skye  leads  to 
tin  beliaf  tha*-^  great  gabbro  laccolite  has  a.  maximum  thickness 
'*    *      ■  *  ■        more.     The  survey  of  the  Cuillin  Hills  has 

The  detailed  study  of  the  western  pari  of 

_        ^ e  great  complexity  of  ita  stmctnre,  and  the  very 

■CMuidanble  part  played  !>y  portions  of  the  basaltic  lavas  entangled 
in  the  gabtnn  and  highly  metamorphosed.  The  gabbro  itself  oonaisia 
■of  nnmerona  distinct  intrusions  in  tlie  form  of  wedges,  sheets,  and 
tongnea. 

Hany  inteivBtiiig  fwria  nlatiiiK  to  th«  Olaoiid  Drifta  and  oewac 
deposita  hare  been  gathered.  Espedallj  notawoithy  !>  the  ooo- 
<tInaion  that  the  raised  beaoh  of  the  Qower  promontory  in  Sonth 
Wales,  between  Baoon  Hole  and  Humbles  Head,  is  pre-Qladal  or 
Intetglacial.  The  bone-beds  which  rest  npon  the  raised  beaoh  in 
the  oaves  are  continooua  with  a  layer  of '  head '  whioh  OTarliea  the 
beaoh.     Glacial  Drift  Ilea  upon  theae  deposlta. 

Becords  of  the  petrographioal  and  paleeontologioal  work  and  liata 
of  pnhlications  are  given  at  the  end  of  this  "  Summary  of  Pn^;reM,'' 
which  displays  throughout  the  evidenoa  of  mnoh  painstaking  and 
enthusiastic  labour. 

coE.iaEsi>oisriDE:iirOEi. 

FINE  SECTION  OF  BODLDEE-CLAT  AT  CMCH. 
Sib,— Qeologista  interested  in  the  glacial  depoaita  of  the  Midland 
Counties  will  do  donbt  be  glad  to  hear  that  a  vety  fine  seotion  of 
Boulder-clay,  which  rests  upon  a  striated  floor  of  Mountain  Limeatone, 
ia  now  to  be  seen  in  Derbyshire  near  the  village  of  Orioh  (Matlock 
Baths).  The  preeenoe  near  this  place  of  a  great  maas  of  Boulder-ol^ 
oontaining  erratica  foreign  to  the  county  has  been  known  for  a  nnmhac 
of  yeara.  Beoently  the  quarry  outting  into  this  clay  has  been  re- 
worked, a  steam  navvy  having  been  aet  to  work  to  olear  the  clay  off 
the  limestone.  Mr.  Amold-Bemrose  and  I  visited  the  quarry  on 
27oTember  25,  1899,  and  found  that  an  exoellent  eeotion  of  'till' 
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lesting  apon  limestone  was  exposed.  The  'till'  reached  a  thick- 
ness of  at  least  40  feet  in  plaoes,  and  rested  upon  a  striated  floor  of 
limestone  rock.  The  Boalder-clay  is  a  tough  reddish  or  bluish 
deposit,  with  streaks  or  patches  of  sand,  sandy  gravel,  or  sandy  clay. 
The  whole  deposit  is  thickly  studded  with  boulders,  both  large  and 
■mall,  most  of  which  are  finely  polished,  striated,  and  grooved, 
limestone,  gritstone,  sandstone,  and  quartzite  are  the  most  common 
rooks,  but  toadstone  and  various  greenstones  and  granites  are  by 
no  means  rare.  On  the  last  occasion  on  which  we  visited  the 
quarry  we  found  that  the  day  had  been  cleared  off  the  limestone 
over  a  large  area,  exposing  a  floor  finely  striated,  polished,  and 
grooved  over  its  whole  extent.  The  striations  run  N.  20^  W., 
indicating  an  ice-flow  coinciding  roughly  in  direction  with  th» 
neighbouring  Derwent  Valley.  Mr.  Amold-Bemrose  and  I  have 
been  at  work  for  some  years  examining  the  numerous  Boulder-clay 
deposits  and  erratics  this  ice-flow  has  left  behind  it  at  points  higher 
up  the  valley  than  Crioh,  and  we  hope  to  be  in  a  position  to  deal 
somewhat  fully  with  the  glaciation  of  North  Derbyshire  in  the  near 
foture.  The  deposits  formed  by  the  ice  which  crossed  the  watershed 
into  the  Wye  Valley  near  Buxton  have  already  been  traced  over 
laige  areas  south  of  the  Trent.  In  these  deposits  the  boulders  aro 
''such  as  would  be  brought  down  by  glaciers  descending  the 
Talleys  of  the  Wye,  Derwent,  and  other  northerly  and  westerly 
tributaries  of  the  Trent,  debouching  into  and  crossing  the  valley 
of  the  latter  river."  *  R.  M.  Dselbt. 

38,  Cmabnwood  Strbbt, 
Derby. 


PROFESSOR    HANS    BRUNO    QEINITZ. 

BoBX  October  16,  1814.  Died  January  28,  1900. 

H.  B.  Geinitz  was  born  at  Altenbnrg  on  October  16,  1814,  and 
studied  at  the  Universities  of  Berlin  and  Jena,  taking  the  degree  of 
Ph.D.  in  1837,  with  a  thesis  on  the  Muschelkalk  of  Thuringia.  He 
went  to  Dresden  in  1838  to  take  part  in  the  work  of  the  Royal 
Technical  High  School,  in  which  be  became  Professor  of  Mineralogy 
and  Geognosy  in  1850,  maintaining  his  connection  with  that 
establishment  until  1894.  In  1857  he  was  made  Director  of  the 
Boyal  Mineralogioal  and  Geological  Museum,  which  post  he  also 
held  until  1894.  His  work  related  chiefly  to  Saxony,  and  to  it 
we  are  specially  indebted  in  regard  to  the  palaoontological  relations 
of  that  kingdom,  but  it  also  extended  over  other  parts  of  Europe. 
Amongst  his  more  notable  works  are  those  on  the  Fossils  of  the 
Goal-meetsures  of  Saxony,  on  the  Cretaceous  Formations  of  Saxony, 
comparing  thein  with  those  of  England,  on  the  Animal  Eemains 
of  tiie  Dyas,  and  on  the  Elbtbalgebirge  of  Saxony,  and  these  are 
the  more  valuable  from  being  well  illustrated.  He  was  one  of  the 
editors  of  the  "Neues  Jahrbuoh  fiir  Mineralogie  und  Geologic"  from 

1  a.J.G.S.,  1886,  p.  440. 


4^^  Ohitvary—Dy.  A.  Mihu-SHwtf^. 

^68  to  18T9.    Profeasor  Hans  Brnao  GeinilE  wai  ftlectod  ft  Fon^   ' 
Jlamber  of  ttle  Qeologjoal  Sooiet;  of  Loadoo  in    18S7,   voA  wm 
Slnnh{Km  MadaUist  in  1878. 

ALPHONSE    MILNE-EDWARDS. 
Bob  OnoBiB  13,  1835.  Dim  Attu.  31,  1900. 

-    Bs  ttt*  «Mxpeote<l   death    of  Milne- Edwards  a   gap   bu   b«n 
~'  1  ta  tte  foremost  rankR  of  noted  paleeontologiste  and  xoolo^M    I 
irffl  In  bard  to  fill ;  indeed,  eo  long  baa  bis  familiar  ntKiifl  beat 
•A  with  us  that  it  is  still  impossible  to  realize  oar  Ion 

hnMrflran  Knglish  stock,  being  the  grandson  of  Bryan  Edwards, 
JLP.,  ■' WMt  Indian  planter  who  settled  st  Bruges,  Alphonse  Milne- 
^Jwiril,  MB  of  the  celebrated  Henri  Milne  Edwards  (1800-1886), 
'WM  bon  in  Paris.  13tb  October,  1835,  and  in  his  career  followed 
-tloariy  in  M«  father's  footsteps. 

He  took  Ite  d)^ree  of  Doctor  of  Medicine  in  1860  and  of  SoietMi 
In  1881;  bMHne  an  Assistant  Naturalist  at  the  Muaento  d'HistcHT* 
Natnidla  la  1(^62  ;  AssisUnt  Professor  at  tbe  £oo1a  sup^rienre  de 
PtTHUMiia  fa  1861,  and  Professor  there  in  1865  ;  Assistant  Profesfor 
^  th»  Zoological  Laboratory  of  the  ^ta  des  Hautes  Etudes  in 
1869,  tmA  Direotor  in  1880 ;  he  was  ftlso  appointed  Profeaaor  of 
Soology  tt  At  Mus4um  d'Histoire  Naturelle  in  16T6,  and  finallj 
ita  Dintdw  in  1892.  He  wns  elected  a  member  of  tbe  Academy 
-of  Sdouo,  Section  Anatomy  and  Zoology,  in  1879,  and  of  the 
Amdonw  of  Medicine  in  1885.  He  was  elected  a  foreign  member 
of  the  Zoological  Society  of  London  in  1876,  and  in  1882  a  Poreiga 
Oorreepondeat  of  the  tieologioal  Sooiety. 

His  earliest  papeT§  were  phyiiologioal,  bat  he  next  turned  to 
ths  study  of  Crustaoea,  both  recent  and  fosail,  while  in  1863  he 

Suhlished  bis  first  paper  on  fossil  birds,  entitled  "  H6in(Mr  enr  !■ 
istribntion  g^ologique  dea  Oieeanz  fossiles."     Throe  jeen  Utar 


tbe  first  part  of  his  monnmental  work,  "Beoberohea  anfttomimui 
et  pal6o&tologiqneB  poor  serrir  i,  I'higtoire  dee  OiaeawE  fboalee 
de  la  Franoe,"  waa  isaned,  a  work  which  when  oompleted  in  1871 
extended  to  two  volamea  of  text  and  two  of  platae.  In  It  be 
showed  the  possibility  of  forming  k  olassifioation  of  birdi  bj  innsni 
of  their  "long  bones."  Concurrently  there  appeared  (1866.^} 
his  "Bechercbei  lur  la  Faane  omithologique  ^toinla  deo  Ilet 
Uasoareignes  et  de  Madagaeoar." 

While  these  are  the  more  important  of  his  paleontologieal  woifa 
they  by  no  means  represent  a  tithe  of  his  aoientifio  wiitiDge.  He 
waa  associated  with  his  father  in  bringing  ont  the  "  Betdienbee  pov 
•ervir  h,  I'bistoire  natnrelle  dee  Mammifdres  "  (1868-74),  «itd  witk 
Gnndidier  in  the  volumes  (1878-81)  on  Birds  in  tlio  kttv** 
"Histoire  physique,  natnrelle,  et  politique  de  Hadagaaoer."  He  wm 
siso  keenly  interested  in  the  qneetion  of  the  diatribution  of  eninwl 
,life  at  great  depths  in  the  ooean,  and  it  was  at  his  insttnoo  end 
under  hie  saperintendenoe  that  the  sabmarine  sarveying  Tesaela  ike 
"TraTaiUeur  and  "Talisman"  were  sent  oat  bj  the  nvnoh 
^oremment ;    hie  work  reoeiving  aoknowlodgemeDt  in   1881  li 
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tihe  award  of  the  gold  medal  of  the  Soci6t6  G6ograph!qae  de  Franoe. 
Of  minor  papers  on  ssoologioal  and  palasontologioaTsaDJeots  oontribated 
to  Tarious  Boientifio  joamals  and  the  prooeedings  of  different  learned 
Booietiea,  he  most  be  oredited  with  upwards  of  one  hundred  and 
-fifW,  dealing  with  neariT  every  group  of  the  animal  kingdom. 

This  busy  and  useful  life  was  brought  to  a  olose  after  a  short 
illness  on  2l8t  April,  1900.  Alphonse  Milne«Edwards  will  be  as 
^inoerely  mourned  by  us  as  by  his  own  oountrymen,  for  the  ma& 
•d  soienee  belongs  to  the  world. 

JAMES   THOMSON,    F.Q.S. 
BoBH  Dionnnt  18,  182S.  Died  Mat  14,  1900. 

It  is  well  known  that  the  natural  taste  or  instinot  of  obserring 
trying  to  explain  the  manifold  phenomena  of  Nature,  animate 
«nd  inanimate,  is  strongly  developed  in  many  individuals;  and 
that,  in  spite  of  great  and  various  diffioulties,  it  has  produced  good 
results  to  the  scientist  in  particular  and  to  society  in  general. 

The  late  Mr.  James  Thomson,  of  Glasgow,  was  a  notable  example 
of  the  energy  and  persistence  in  the  line  of  research  that  he  chose  to 
follow,  in  the  long  uphill  struggle  of  hard  work  against  penury  and 
ftmily  misfortune.  Snatching  a  few  hours  from  early  morning 
«leep,  he  got  a  little  schooling ;  and  this  was  all  the  basis  he  had  for 
a  scanty  education.  His  strong  self-reliance  helped  him  much  in 
after-life,  but  became  inseparable  from  his  self-opinionatedess,  when 
advised  by  the  Editors  of  the  Scientific  Journals  in  which  the 
results  of  his  workings  on  the  structure  of  corals  were  published. 
Not  folly  appreciating  grammatical  accuracy,  and  sadly  wanting 
in  a  knowledge  of  Latin,  which  language  naturalists  use  for  genera 
and  species,  his  mistaken  obstinacy  led  to  disagreements  and 
disappointments  between  him  and  his  willing  literary  helpers  in 
Glasgow  and  London.  For  some  years  he  had  taken  up  the  study 
of  the  fossil  corals  abounding  in  the  Carboniferous  Limestone  of 
Western  Scotland ;  indeed,  in  his  native  town  he  had  noticed,  when 
a  boy,  these  fossils  in  the  **  Bed  of  Eilmamook  Water."  Ultimately, 
a  goodly  set  of  memoirs  were  produced  (upwards  of  twenty  before 
1883,  and  others  since),  enriched  with  illustrations  of  the  peculiar 
fltmctures  of  the  several  kinds  of  corals  described  therein.  Of  these 
illustrations,  very  many  were  delicate  outlines  produced  by  a  process 
kept  secret  by  Mr.  Thomson,  who  (like  Dr.  J.  A.  B.  Hunter-Selkirk, 
of  Braidwood),  having  a  small  water-power  at  hand,  applied  it  to 
outting  and  slicing  of  thousands  of  Carboniferous  fossils.  To  the 
polished  surfaces  of  the  corals,  Mr.  Thomson  probably  applied  such 
a  solvent  as  removed  the  matrix,  but  left  the  organic  tissue  of  walls 
and  septa  sufficiently  prominent  to  serve  for  impressions  and 
printings,  and  for  transference  to  copper-plates  and  lithographs. 
His  last  two  papers  on  the  Scotch  Carboniferous  Corals  in  the 
'Transactions  of  the  (Geological  Society  of  Glasgow  (vol.  xi,  pt  1, 
1897)  are  especially  illustrated  by  this  process. 

Mr.  Thomson  had  a  good  general  knowledge  of  geology,  and  his 
«iatural  acumen  in  that  research  was  shown  in  his  account  of  tha 


Campbeltown  district  in  Cantira  in  1867;  in  hia"Geology  of  IbUj," 
published  in  1877;  and  ia  bis  paper  on  the  Geology  of  Airan,  nod 
in  1S7S.  The  last-named,  which  had  to  withstand  muoh  oriticUm, 
was  ultimately  printed  ia  1697  (Trans.  Geol.  Soo.  Glasgow,  toI.  li). 
His  geological  knowledge  was  acquired  by  assiduous  application,  and 
supported  by  a  clear-sighted  persistence  in  his  own  viewg,  as  shown 
by  his  paper  on  Arran.  His  cUaracteriatio  iatenseaesa  and  eamest- 
nees  of  purpose  are  traceable  from  an  early  date. 

Bom  at  Kilmarnock,  the  twelfth  child  of  poor  parents,  bis  lifa 
of  hard  work  began  early.  Before  be  was  seven  years  old  be  insisted 
on  seeking  wurk  lu  order  to  liolji  hia  parents.  At  last,  with  some 
k&owledgtt  of  ourpet-wMTing,  ha  g(A  empbTmeot  in  01m|[Dw. 
Bars,  M  ft  youth,  hit  intoaw  wmertaew  to  iMm  ■onwtUag  of 
'gaoldgy  b  •Wad  to  haTa  tnada  Un  Uitaa  at  •  kajhoki  to  »  laotn* 
m  Goal  in  vat^  odd  waatbar.     In  his  pnmm  u  Ufa  ha  hnrai 

•  oonuMtdal  traYaller ;  and  in  this  faaitnaaana  aooliwiad  nn^  mm 
■aroitj  Toan  of  ago. 

•  ABflflinntiiiiettiatoocMRadliealwqn  doTotad  to  hia  4Bdl«i; 
■gathering  pacaonal  knowlodge  of  natnral  hiatmr  and  Muogtod 
Jheta  dnnng  hia  long  wandeciDga  orar  tha  Britiu  TaUn^  and  b 
'jnma  parti  of  the  Continent;  ogllepting  feeeUa  and  gatting  than 
Bamad  br  azparti  in  maaenmi^  and  whanvac  poaaEblah  In  188i  he 
want  to  OanAda  with  dia  BritiUk  AaM^atkai ;  aid  In  NocA  AMariea 
'wldanad  hie  azparianoaa  ia  tha  minand  and  uetalliftnaa  diatriota  of 
Idaho.    (Trans.  OeoL  Boo.  Glasgow,  1884) 

Hr.  Thomson  had  long  known  tha  valna  of  wall  •  arranged 
oolleotiona  and  of  really  olassifled  nataral  -  histoiy  objeota  to 
students;  and  he  had  made  up  his  mind  that,  when  he  should 
have  got  snffioient  means  to  guarantee  a  snialt  oompetenoe,  he  would 
hand  over  his  museum  to  his  native  town. 

He  knew  the  personal  pleasure  of  adding  treasure  to  treasure 
to  a  growing  oollection,  if  realty  valued  in  view  of  the  nltimate 
recognition  and  explanation  of  the  endless  phenomena  in  nature, 
.and  thus  often  pointing  to  facts  and  notions  of  ^ther  material  or 
philosophical  value  to  his  fellow-man.  With  this  view,  Mr.  lliomBoa 
liberally  gave  bis  great  oolleotioa  to  Eilmamook  ;  and  Hr.  James 
Dick  has  munificently  provided  for  its  proper  honsing  in  the  Library 
and  Museum  Buildings  at  Elmbank. 

Mr.  James  Thomson  was  an  old  member  of  the  Glasgow 
Geological  Society,  and  was  an  honorary  fellow  of  sooietiee  at  Jena 
and  Li6ge.  In  1868  be  was  elected  a  fellow  of  the  Geological 
Society  of  London.  On  February  9, 1899,  he  was  presented  wilb 
the  iVeedom  of  the  Burgh  of  Kilmarnock ;  but  not  being  wall 
in  health,  be  was  represented  by  his  son.  Dr.  Gemmell  Tbcmson, 
of  Ayr. 

Thus,  another  of  the  fine  old  stalwart,  self-educatwl,  and  strong- 
willed  Nortb-men  has  passed  away ;  rough  and  hard  in  some  aspects, 
but  good-hearted,  and  ambitions  to  be  in  the  front  with  those  that 
know  and  help  others  to  know.  James  Thomson's  death  leaves 
a  gap  among  scientists  to  be  filled  up  by  soma  earnest  student  in  the 
preaeDt  generation.  T.  B.  J. 
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I. — ^BmoBATioN  or  Sttlonurus  Lacoanus,  a  Giant  Abthbopod 
wwm  THB  Uppcb  Dbyonian  of  thb  United  States.  ' 

By  Tniemor  Ghaklbs  E.  Bebcher,  Fh.D.,  of  Tale  UnlTenity,  New  Haven,  U.S.A. 

(PLATE  XVIII.) 

IN  the  animal  kingdom  the  attribute  of  bigness  has  come  to  be 
legarded  as  one  of  the  prerogatives  of  the  vertebrates.  On  this 
aoooonty  invertebrates  seldom  receive  credit  for  having  a  size  of 
moze  than  a  fraction  of  a  cubit,  and  are  looked  upon  as  objects  to  be 
held  in  the  hand  or  viewed  under  a  lens.  As  a  matter  of  common 
experience,  and  probably  also  of  congratulation,  large  invertebrates 
are  rare^  and  some  whole  classes  cannot  furnish  a  single  individual 
measaring  more  than  a  few  inches  in  greatest  diameter. 

In  a  list  of  arthropod  giants  the  subject  of  the  present  note  must 
be  indaded,  and  will  take  equal  rank  with  the  Giant  Spider-Crab 
of  Japan  (Mtieroeheira  Kaempferi)  and  the  great '  Seraphim '  of  the 
Scotch  quarry  men  (Pterygotm  anglicus).  The  former  can  safely 
claim  to  be  the  largest  representative  of  the  Brachyurans  that  has 
ever  existed,  and  to  the  latter  may  be  accorded  the  same  distinction 
among  the  Merostomes. 

The  living  species  of  the  Merostomata  comprise  only  the  American 
and  Molucoan  Horse-shoe  Grabs,  Limtdus  polyphemua  and  L.  moluc- 
eanuB.  The  latter  sometimes  attains  a  length  of  three  feet  and 
measares  eighteen  inches  across  the  carapace.  To  find  other  species 
in  this  order  worthy  of  comparison  with  the  huge  Brachyuran  of 
Japan  it  is  necessary  to  go  back  to  the  Palasozoic  forms,  and  among 
theee  the  larger  species  of  Pterygotus  and  the  Stylonurus  here  noticed 
fill  all  the  requirements.  It  should  be  borne  in  mind,  however,  that 
these  statements  are  based  upon  comparative  lengths  and  breadths. 
If  bnlk  alone  were  considered,  the  common  lobster  (Homarua 
amerieanua  and  H,  vulgaris)  should  be  mentioned,  though  in  length 
and  extent  of  limbs  it  would  be  considerably  smaller. 

Concerning  the  size  of  the  Scotch  '  Seraphim,'  Dr.  H.  Woodward  ^ 
states  that  ''  From  our  present  knowledge  of  the  almost  perfect 

*  Beprinted  from  the  American  Journal  of  Science,  vol.  x,  August,  1900, 
pp.  146-160. 

'  H.  Woodward,  **  A  Monograph  of  the  British  Fossil  Crustacean  belonging  to 
the  Order  Merostomata,"  pt.  i,  1866;  pt.  iv,  1872,  pp.  1-264,  pis.  i-xxxvi: 
PalaN>ntographical  Society,  vol.  xix. 
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remains  of  PlerygotM  anglicut,  and  on  tbe  evideaoe  of  tbe  n 
detaclied  portions  of  this  extinct  genus,  we  are  justified  in  coQcIuding 
that  it  attained  a  leoglh  of  six  feet  and  a  breadth  of  nearly  two  feet 
at  the  widest  part  of  its  body."  This  huge  Merostome  has  Iwea 
fonnd  in  the  Lower  Old  Red  Sandstone  of  Scotland,  at  a  horizon 
nearly  equivalent  to  the  one  fumisbing  the  remaiDs  of  Slylonunu  in 
America.  Thus  what  seem  to  be  the  two  largest  speoies  of  this  clan 
irere  ooo temporaries,  though  not  aasooiates. 

Historical. 

The  first  specimen  found  in  America  that  can  ba  referred  to  the 
KenuR  Siylonurut  was  collected  by  the  writer  about  1S70,  and  loaned 
to  Professor  James  Hall.  It  remained  in  his  hands  unnoticed  until 
1884.  when  he  described  it  as  EitrypUrui  Beeeheri.^     The  specimen 

{■reserves  tbe  abdomen  and  portions  of  two  of  the  large  posleriot 
imbs.  No  speoies  of  Enryptenu  known  possessed  saoh  greatly 
elongated  limb  joints,  and  there  seems  to  be  no  good  reason  for  not 
referring  it  to  SlylonurttB,  in  which  there  is  a  normal  oharacter.  The 
apeoimen  of  Styhnurus  Beeeheri  is  unoompressed,  and  apparently 
retains  the  proportions  of  form  and  convexity  as  in  life.  On  this 
fuioount  it  was  of  considerable  importanoe  in  the  restoration  of  the 
larger  species. 

In  1382  Hall  was  furnished  with  a  plaster  cast  of  tbe  carapace  of 
ft  large  arthropod  by  Dr.  Cook,  then  State  Geologist  of  New  Jersey. 
Tbe  original  speoimea  wm  from  th«  Oatakfll  groap  at  AndMi 
Delaware  County,  New  York,  and  had  been  sent  to  tbe  mnaeam 
«t  Butgers  College,  New  Bninswiok,  New  Jersey.  Profesaor  D.  S. 
Hartin*  made  the  first  reference  to  this  speoies  in  some  rental 
on  "  A  New  Eurypterid  from  the  Catskill  Qronp,"  before  the  New 
York  Academy  of  Soienoes,  Ootober  16,  1B82,  an  abstract  of  tlua 
note  appearing  in  the  transactions  of  the  same  sooiety  Bome  tiras 
after  June,  1883.  In  this  abstract  the  speoies  is  neitlier  desoribed 
nor  figured,  and  Hall  is  not  mentioned  in  any  oonneodon.  Haitin 
states  that  he  saw  the  specimen  (=  oast  sent  to  Hall)  in  tlie  State 
Hnsenm  at  Albany,  and  it  bore  the  name  S^IomMms  ssMbwr 
(evidently  a  misprint  for  Sb/lonunu). 

The  next  referenoe  to  this  form  in  point  of  time  and  tbe  first 
publication  of  a  generic  and  specific  name,  aocomranied  with 
a  description  and  ooonrate  illustration,  was  given  by  B.  W.  Claypole,* 
in  a  paper  read  before  tbe  American  Philosophical  Sooiety,  S(^  21, 
1863,  under  the  title  "Note  on  a  large  Cmstaoean  from  me  Oatakill 
Group  of  Pennsylvania."  It  is  stated  on  the  signature  oontaining 
this  papw  that  it  was  printed  Nov.  2,  1883,    Claypole'a  desoriptioa 

I  J.  Hall,  "  Note  on  the  Enrypteridn  of  tiia  DsTociui  ind  OsriMoiltCMi 
Formstioiu  of  PsnniylTaiiia"  :  Second  Geol.  Butt.  Penn.,  PPP,  IBM. 

■  D.  8.  Hartm,  "A  New  Eurypterid  &om  ths  Cststdll  Qnnm":  Ttsnt.  K.T. 
Aetd.  Sci.,  Tol.  li  (1882-1883). 
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was  based  upon  a  second  speoimen  found  in  Wyoming  County, 
Pennsylvania,  which  preserves  about  three-fourths  of  the  oephalo- 
thorax,  and  belonged  to  the  collection  of  B.  D.  Lacoe,  of  Pittston. 
This  was  given  the  name  Dolichocephdla  Lacoana,  and  rightly 
classified  with  the  Merostomata.  It  therefore  appears  that,  up  to 
this  time,  the  name  Stylonurua  exediior  was  simply  nomen  nttdum, 
and  as  such  cannot  be  recognized  as  valid. 

In  1884  Hall  ^  published  his  description  and  figure  of  the  New 
York  specimen  in  the  thirty-sixth  Annual  Report  of  the  New  York 
State  Museum,  in  a  paper  entitled  "  Description  of  a  New  Species 
of  Stylonurus  from  the  Catskill  Group."'  It  is  here  that  the  New 
York  specimen  was  first  figured  and  a  description  given,  and  the 
date  of  publication  of  this  paper  is  the  one  to  be  considered  in 
deciding  the  claims  of  Stylonurua  exeehior  as  Hall's  species. 

At  ti^e  Philadelphia  meeting  of  the  American  Association  for 
the  Advancement  of  Science,  September,  1884  (Proa  A.  A.  A.  S., 
vol.  xxxiii,  published  1885),  Hau'  presented  a  note  on  Stylonurua 
€xeelaior,  merely  referring  to  its  occurrence,  and  citing  Martin's 
abstract  with  page  and  month  of  publication.  This  citation  is 
repeated  by  Hall  in  each  of  his  notices  of  this  species,  for  only  by 
thus  establishing  the  species  could  he  have  any  claim  to  priority. 
As  already  mentioned,  Martin's  paper  does  not  attempt  any  descrip- 
tion of  this  form,  and  Hall  is  not  mentioned.  Hall  fuither  says :  "The 
carapace  is  described  and  figured  in  the  SGth  Heport  of  the  N.Y. 
State  Museum  of  Natural  History,"  without  reference  to  plate,  page, 
or  year,  and  it  is  therefore  quite  possible  that  this  description  was 
not  published  until  after  the  meeting  of  the  Association.  In  any 
case,  it  appeared  some  months  later  than  Claypole's  paper,  and  the 
name  Dolichocephdla  Lacoana  has  priority  over  Stylonurua  excelaior, 
and  must  be  recognized. 

Claypole  failed  to  point  out  the  affinities  of  this  form  with 
Stylonurua,  and  proposed  a  new  generic  term  for  his  species. 
Although  there  are  differences  that  may  prove  of  generic  value 
when  more  complete  specimens  of  the  American  species  have  been 
studied,  yet  at  the  present  time  there  seem  to  be  no  strong  reasons 
why  the  specimen  in  question  should  not  be  considered  as  belonging 
to  Stylonurua,  and  it  is  upon  this  ground  that  the  present  restoration 
is  attempted. 

Material  available  for  a  Beatoration. 

Bestorations  of  extinct  organisms  are  largely  exhibits  of  mental 
architecture,  based   upon  the  personal  interpretation  of  a  certain 

^  J.  Hall,  **  Description  of  a  New  Species  of  Stj/lonurus  from  the  Catskill 
Group*' :  Thirty-sixth  Ann.  Rep.  N.T.  State  Mas.  Nat.  Hist.,  1884. 

'  J.  Hall  &  J.  M.  Clarke,  '^Trilobites  and  other  Crustacea  of  the  Oriskany, 
Upper  Helderberg,  Hamilton,  Portage,  Chemung,  and  Catskill  Qroups " :  Geol. 
Surv.  of  the  State  of  New  York,  Palaeontology,  vol.  vii  (1888). 

'  J.  Hall,  **  Note  on  the  £urypteridsB  of  the  DeTonian  and  Carboniferous 
Formations  of  Pennsvlvania,  with  a  supplementary  note  on  Stylonurtu  excelsior^*: 
Proc.  Am.  Assoc.  Adv.  Sci.,  vol.  xxxiii  (1885),  Philadelphia  Meeting  (held 
September,  1884). 
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jiumber  of  real  things.  Some  atatenaent.  therefore,  should  be  given 
of  the  character  and  arooant  of  the  material  that  has  been  collated  lo^ 
fuTniab  a  restoratioa  of  Sfi/Ionunis  Laeoamu. 

(1)  The  specimen  of  the  cephalothoras  tieecrihed  by  Hall  shows 
the  complete  outline  and  upper  surface  of  this  part,  and  a  oast  from 
the  original  was  taken  to  represent  this  portion  in  the  restoration. 
(2)  The  type  of  S.  Zacoanat,  Claypole,  inolndes  a  large  part  of  the 
oephalothoran  of  an  individual  nearly  the  same  in  size  as  ihe 
preceding,  (3)  Dr.  J.  M.  Clarke  discovered  that  this  specimen  also 
preserved  considerable  evidence  as  to  the  nature  of  the  appendages, 
and  he  succeeded  in  developing  what  appear  to  he  the  chelate 
antennte,  the  first  pair  of  gnathopods,  and  the  mandihular  bases  of 
at  least  three  others.  (4)  The  length  and  number  of  joints  in  the 
limbs  are  taken  from  the  English  species  S.  Logani  and  S.  Povrid, 
of  which  quite  complete,  though  smaller,  individuals  have  beeo 
descrihed  by  Woodward.'  (5)  The  outline  and  proportions  of  the 
abdomen  follow  closely  those  of  the  English  forms  and  of  S.  Beeeheri. 
the  latter  giving  the  natural  convexity.  (6)  A  portion  of  a  large 
abdominal  segment  found  by  the  writer  in  the  Cbemung  group  at 
Warren,  Pennsylvania,  and  apparently  belonging  to  a  nearly  relaC«d 
species,  has  an  ornamentation  closely  approaching  that  on  the 
oephalothorax  of  the  type,  and  was  used  to  elaborate  the  sculpture 
over  the  abdomen  of  the  reatoration.  (7)  The  form  and  character 
of  the  telson  spine  correspond  to  S.  Logani  end  also  to  some  la^ 
fragments  found  by  F.  A.  Randall  at  Warren  and  Ackley,  Penn- 
Bylvanin,  in  the  Chemung  group,  and  probably  belonging  with  the 
abdominal  somite  already  mentioned. 

With  the  data  famished  hy  the  foregoing  material,  the  restoiKtian 
was  undertaken.  The  first  model  in  relief  was  constructed  in  olay, 
and  from  it  a  plaster  mould  was  taken.  A  number  of  oasts  have  been 
n&de  linoe,  and  a  photograph  of  one  of  them  is  represented  in  the 
accompanying  plate  (Plate  XVIII). 

In  this  connection,  it  may  be  suggested  that  the  type-specimen  of 
Slylotturua  (?)  (E:hinocari»  ?)  Wrighlianvt  (Dawson,  ep.)  represents 
two  proximal  joints  of  one  of  the  large  orawling  feet  of  a  form 
related  to  Stylonurus,  and  not  two  somites  of  the  abdoman  a* 
indicated  by  Hall.'  Any  referenoe  is  at  present  somewhat  nnoertain, 
owing  to  lack  of  positive  knowledge,  and  the  fact  that  the  apeaime& 
in  question  was  first  described  as  a  plant  [Sqidielidet '),  thea  referred 
to  the  Pbyllocarida  {£ehinocaris '},  and  lastly  appeared  aa  a  poaaible 
Merostome,  shows  how  this  form  may  be  interpreted  by  diSerant 
observers.     No  one  can  doubt  its  arthropod  nature,  on  aooonnt  of 

>  J.  Hall: 

CODDt^,  N.Y., 
But.,  publisLed  IS84. 

>  J.  W.  Damon,  "Notes  on  New  Erian  (DeToniaa)  Plants".'  Quart  Jovm. 
Geol.  Soc.  Londaa,  vol.  uxvii  (1881). 

•  T.  B.  Jones  &  H.  Woodward,  "Notes  on  PhvUopodifonn  CrnstaceBiis,  retenble 
to  the  Genus  £fAinixarit,  from  ths  Fslieoznic  Rocks  "  :  QaoL,  Uao.,  ».»..  Dec  III, 
Vol.  J,  September,  1BS4. 
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the  oharaoteristic  sorfaoe  markings.  Its  elliptioal  or  ovoid  Beotion 
withoat  any  flattening  of  the  epimera,  the  very  oonsiderable  over- 
lapping of  the  joints,  and  the  oonfiguration  of  the  suture,  are  more 
strongly  indioative  of  the  nature  and  requirements  of  a  limb  than  of 
abdominal  segments. 

The  Belief  Model 

In  this  restoration  the  animal  is  represented  as  lying  on  a  slab, 
with  the  entire  dorsal  surfaoe  exposed.  The  oephalothorax  has  an 
axial  length  of  25  cm.  and  a  width  of  22  cm. 

The  chelate  autennsd  were  doubtless  carried  in  a  folded  position, 
as  in  most  related  genera,  and  seldom  were  visible  from  the  dorsal 
aide.  They  are,  therefore,  not  shown.  The  three  pairs  of  short 
gnadiopods,  serving  partly  as  swimming  organs,  are  seen  extending 
-eotward  from  the  antero-lateral  margins  of  the  oephalothorax. 
Several  of  their  distal  joints  are  each  provided  with  a  pair  of  flat, 
ridged,  spinous  processes,  and  a  similar  spine  at  the  termination  of 
the  limb. 

The  two  pairs  of  great  crawling  feet  extend  outward  and  backward 
from  the  postero-lateral  margins  of  the  oephalothorax.  The  anterior 
pair  expose  109  cm.  of  length,  and  the  posteror  pair  about  108  cm. 
The  elements  of  the  limbs  are  represented  as  grooved,  as  this 
•character  seems  necessary  to  give  the  needed  strength  to  long 
^lender  joints,  and  also  because  a  similar  conformation  is  present 
in  8,  Beecheri. 

The  abdomen  measures  30  cm.  in  greatest  width  at  the  fifth 
segment,  and  66  cm.  in  length  exclusive  of  the  telson.  The  posterior 
abdominal  segments  are  represented  without  detachable  epimera,  as 
this  feature  is  not  as  yet  known  to  be  constant  for  the  genus,  although 
present  in  some  species. 

The  telson  spine  agrees  proportionally  in  length  with  the  same 
member  in  8.  Logani  and  S.  Poioriei  as  described  by  Woodward,^ 
and  was  given  a  slight  upward  curvature  as  in  Zimultu.  It 
measures  54  cm.  in  length  and  7*5  cm.  across  at  the  proximal  end. 

Altogether  the  animal  as  restored  has  a  length  of  nearly  five  feet 
{147  cm.),  and  with  the  legs  extended  it  would  measure  about  eight  feet 
(242  cm.)  across. 

It  is  not  intended  to  claim  any  high  degree  of  accuracy  for  this 
restoration,  but  merely  to  represent  in  some  graphic  form  an  animal 
approximating  in  size  and  character  an  individual  of  the  species 
8tylonurua  Zacoanm,  Its  size  alone  was  the  chief  incentive  for 
attempting  a  reconstruction,  and  some  sacrifice  of  exact  detail  may 
well  be  allowed  in  order  to  make  any  presentation  of  this  magnificent 
arthropod. 

^  Loc.  cit. 
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Br  Prof.  RcDOLp  BnucKHAJmr,  Ph.D.,  of  tho  riUTiisitj'  of  Basel,  SwitMrUod. 
fPL.\TE  XIX.) 

THE  foBsil  to  be  diacussed  in  the  present  memoir  U  the  speoimeo 
which  formed  part  of  the  classical  material  used  in  the 
diacuseioQ  whioh  was  carrioil  ou  amongst  British  geologists  during 
the  flocood  half  of  the  presaut  century.  So  important  a  oonttovewy 
ooold  hardly  be  restricted  to  the  geographical  limits  of  England 
alone. 

In  the  question  of  the  age  of  the  Elgin  Saudetones.  cousidend 
by  Sir  Roderick  Murohison  to  be  Pnlteo/^io,  it  was  Husley  who 
pronounced  upon  it  finally,'  after  lbs  discuvery  of  aDiI  la  hi* 
subsequeat  desoriptiou  of  Ht/perodapedmi.''  His  decision.  In  this 
geological  controversy  waa  given  ou  the  evidence  derived  from  a  far 
less  perfect  specimen  than  the  one  repreaented  ou  Plate  XIX.  It 
also  supplied  Hmley  with  an  opportunity  for  speculations  oonoeniiii^ 
the  affinities  of  the  Bnimal  with  Sphenodon,  from  New  Zekland, 
a  reptile  which  Dr.  Qiinther  bad  just  then  presented  in  all  iu 
Boientifio  aspects.  On  the  other  hand,  the^e  speculations  OArried 
Huxley  far  out  upon  an  ocean  of  geographical  as  well  m  of 
geological  hypotheses. 

A  second  specimen,  which  was  obtained  much  Ut«r,  sfford*^ 
Hoxley  a  welcome  opportunity  to  suppteinent  his  earlier  deaoription 
of  Syperodapedon  as  regards  its  most  prominent  differenoea  from 
Sphenodon,  the  details  of  its  skull  and  diverse  other  auatomioal 
points  of  no  leas  importance.  The  motives  which  have  impdlcd 
me  to  undertake  a  re-examination  of  tbo  subject  may  appear  soarcely 
obvious  and  require  some  explanation. 

During  the  perusal  of  the  literature  relating  to  the  Rhynohocepha- 
lians  I  was  confronted  very  frequently  by  differences,  esaeodally 
anatomical  in  character,  tending  to  a  separation  of  the  Bhyncho- 
sanridfB  from  the  Sphenodoulidie.  Iu  the  first  place  I  waa  un^e 
to  assign  any  valid  I'eason  for  a  closer  relationship  existing  between 
them,  whilst,  on  the  other  hand,  the  Rhyuchosaarians  appeared  to 
me  to  possess  characters  important  enough  to  justify  the  oonclnsion 
of  a  complete  connection  between  Chelonians  and  the  remtuning 
Tberomorphfe.  Further  investigation  into  the  literature  of  the 
subject  and  tho  material  available  disclosed  so  many  enigmas,  that 
I  at  last  decided  to  visit  London  and  obtain  permission  to  atudj  the 
original  specimens  iu  the  Natural  History  Section  of  the  British 
Museum. 

Aocording  to  Huxley's  illustration  of  the  skull  I  expectod  the 
original  object  to  be  only  a  cast  of  the  coarsest  description,  but  ia 
this  I  waa  speedily  undeceived  after  a  personal  inspection,  and  to 
my  great  delight  I  pei'Ceived  that  I  had  one  of  the  cboioest  of 
originals  before  me  which  grace  the  grand  ooliection  of  fossil  leplilea 
in  the  British  Museum. 
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I  very  maoh  doabt  whether  it  would  have  been  possible  to  oomply 
with  my  request  in  a  more  generous  manner  than  was  done  by  the 
respected  Keeper  of  the  G^logical  Department  of  the  British 
Museum,  Dr.  Henry  Woodward,  F.R.S.,  to  whom,  as  to  Drs. 
A.  Smith  Woodward  and  G.  W.  Andrews,  of  the  same  Department, 
and  to  Mr.  G.  A.  Boulenger,  F.RS.,  of  the  Zoological  Department, 
it  gives  me  the  utmost  pleasure  to  tender  my  heartiest  thanks  for 
their  ever  ready  assistance  and  advice. 

As  might  be  supposed,  a  re-preparation  of  such  a  valuable  original 
object  was  totally  out  of  the  question,  though  I  have  no  doubt  that,  if 
performed  with  the  necessary  care,  many  minute  anatomical  details 
would  be  brought  to  light 

In  my  drawings,  therefore,  I  filled  in  with  black  all  those  parts 
which  were  left  untouched  by  the  chisel  like  the  rest  of  the  matrix 
of  the  stone.  The  artist  employed  on  Huxley's  sketch  has  failed  to 
convey  any  precise  information  as  to  which  is  stone  and  which  is 
bone,  and  has  produced  as  structures  shapes  which  only  existed  in 
the  imagination  of  the  mason  as  having  belonged  to  the  skull  itself. 

In  my  drawing  of  the  skeleton  in  tiiu  I  have  carefully  confined 
myself  to  a  representation  of  the  exposed  portions  of  the  actual 
bones,  thus  avoiding  the  risk  of  reproducing  anything  foreign  to  it 
on  the  face  of  the  stone.  This  ought  to  remove  all  doubts  that  may 
exist  as  regards  serious  mistakes,  especially  where  parts  are  con- 
cerned which  are  of  importance. 

An  ordinary  photographic  reproduction  of  the  fossil  would  not 
have  been  a  great  gain  for  the  student,  as  the  observer  would  have 
been  under  the  necessity  of  making  out  the  details  of  the  actual 
fossil  for  himself,  not  to  mention  the  disturbing  effect  of  countless 
ochre  spots  which  are  distributed  all  over  the  surface  of  the  matrix. 

Plate  XIX  is  a  photographic  reproduction  of  the  entire  skeleton, 
reduced  to  i  of  its  natural  size,  from  the  original  in  the  British 
Museum.  With  the  exception  of  the  distal  part  of  the  left  limb, 
which  is  better  preserved  on  the  counterpart,  no  other  portions  of 
the  skeleton  are  seen  on  that  slab.  I  therefore  have  transferred  it 
from  that  side  on  to  the  plate  also,  as  otherwise  I  should  have  had 
to  dispense  with  its  reproduction  altogether.  This  plan,  moreover, 
bad  the  advantage  of  completing  the  representation  of  the  skeleton 
in  one  view. 

It  should  also  be  pointed  out  here  that  in  consequence  of  having 
bad  recourse  to  photographs,  the  lower  part  of  the  leg,  and  the  foot, 
are  diminished  in  size  by  i  on  account  of  the  focal  distance  from 
the  main  portions  of  the  skeleton,  which  further  tends  to  increase 
the  disparity  already  existing  between  the  two  extremities. 

For  a  general  description  of  the  skeleton  I  would  refer  the  reader 
to  Huxley's  memoir  (see  Quart.  Joum.  Geol.  Soc.,  1887,  vol.  xliii, 
pp.  675-693,  pis.  xxvi  and  xxvii,  and  8  text- figures).  To  this 
1  am  obliged  to  add  merely  that  I  feel  by  no  means  sure  of  his 
statement  that  the  prsdsacral  portion  of  the  vertebral  column 
terminates  with  the  23rd  vertebra,  or  even  with  the  22nd ;  but 
of  this  I  feel  confident,  that  there  are  not  twenty-four  vettAbto^^  «& 
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asserted  by  diat  author,  who  also  gives  the  number  in  Spkemodom  as 
twenty-five.  Apart  from  this,  the  entire  pelvic  region  appears  to 
me  to  be  scarcely  well  enough  preserved  to  positively  assign  to  it 
two  sacral  vertebrso. 

Whether  the  above  inference  was  possible  from  the  first  w^etAmea 
at  Huxley's  disposal,  or  not,  I  do  not  know,  as  he  does  not  exprsM 
himself  on  this  point  in  his  first  description  of  this  portion  of  the 
skeleton  of  Hyperodapedon  in  Quart  Joum.  G^eoL  Soa,  1859,  voL  xv, 

f).  460.  From  analogy  in  SphefMdaUf  Huxley  has  estimated  the 
ength  of  its  tail  to  \^  about  110  mm.,  though  no  reliable  data  are 
obtainable  from  the  fossil  itself.  I  would  also  wish  to  remark  here 
that  the  sacral  vertebrsd  are  only  f  the  length  of  the  hindmost 
thoracic  vertebrsd,  and  from  this  fact  alone  it  may  be  seen  that 
Huxley's  computation  of  the  length  of  the  tail  appears  to  be  an 
over-estimate. 

Of  the  remaining  portions,  the  shoulder  -  girdle  alone  calls  for 
some  remarks  here.  The  position  assigned  by  Huxley  to  the  inter- 
clavicle  is  the  correct  one,  but  there  is  an  error  as  regards  the 
spatulate  shape  of  its  posterior  margin  which  requires  modification. 
Posteriorly  die  epistemum  terminates  in  quill  -  like  processes, 
separated  from  each  other  by  a  deep  incision,  as  is  the  case  in  a  great 
number  of  Lacertilians.  Besides  this,  but  noticeable  only  on  the 
right  side,  its  clavicular  maigin  bifurcates  into  two  pointed  pro- 
jections, as  in  Bhynchoaaurua,  The  bone  which  Huxley  designated 
the  coracoid  is  really  composed  of  two  parts,  the  coraooid  and  the 
praBcoracoid. 

The  most  important  part  of  this  fossil  is  its  skull,  and  it  is  here 
principally  that  I  dissent  from  Huxley^s  interpretations.  1  therefore 
felt  compelled  to  refigure  and  re-describe  it,  a  proceeding  to  which 
I  shall  add  also  those  inferences  which  I  have  been  enabled  to  draw 
from  other  fragmentary  specimens  deposited  in  the  British  Museum 
(Natural  History). 

The  general  topography  of  the  skull  has  been  admirably  rendered 
by  Huxley.  As  a  further  adjunct  to  his  admission  that,  although 
Syperodapedon  was  essentially  terrestrial  in  habits,  yet  it  had  at  the 
same  time  a  predilection  for  leading  an  aquatic  life,  may  be  mentioned 
the  anomalous  position  of  the  orbits,  which  are  so  strangely  directed 
upward  and  situated  forward  as  to  deserve  to  be  specially  pointed 
out  here. 

The  first  attempt  towards  a  more  precise  knowledge  of  the  com- 
ponent parts  of  the  skull  than  that  by  Huxley  was  by  Dr.  A.  Smith 
Woodward,  who  partly  traced  the  boundaries  of  the  nasals,  the 
postorbitals,  the  jugular  and  other  bones.  It  has  been  a  great 
satisfaction  to  me,  as  the  result  of  my  endeavours  to  make  out  the 
sutures,  to  find  myself  so  entirely  in  accord  with  Dr.  Smith  Woodward, 
without  any  deviations  whatever,  the  more  so  as  1  did  not  consult 
his  sketch  at  the  time.  Numerous  fresh  details  having  come  to 
light,  during  a  more  protracted  study  of  the  fossil,  a  fresh  illustra- 
tion of  the  skull  cannot  be  dispensed  with  under  the  circumstances. 
J  have  therefore  executed  the  accompanying  drawings  from  photo- 
grapha  taken  by  myself. 
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In  thew  figOTM  I  have  ilso  bUoksDed  thow  parts  of  the  mstriz 
wfaioh  hftTS  not  jet  been  laid  bate,  in  order  to  avoid  any  miaooaoep- 
tiona  ariiing  from  the  Boppooed  shape  of  the  moat  important  paiU 
-of  tha  slab. 


Outlinei  of  the  ikull  ot  Hyperodaptdm  Oonltni,  doiad  {L)  and  Tattial  (K) 
MpeetB,  from  photographs  and  drawings  bf  the  aathor.  Om-half  uat.  lue. 
A.  stlaa  ;  Arl.  articnkr  ;  Fr.  frontal  ;  Sg.  hyoid  ;  /».  jogal  ;  la, 
Uchlymal ;  Xd.  maadibialar  ;  Jfx,  maiillaiy  ;  Ifa,  nasal  :  Fa.  parietal ; 
Fal.  palatal  ;  Pnx,  pretnaiiUaiT  ;  Fori,  poitorbital  ;  Fbf.  ponfrontal  ; 
A/,  piafrontal ;  Fipl.  pnesplenial  ;  Q«.  qnadratum  ;  QT.  quadratojnnl  ; 
8a.  aapra-angnlai )  So.  Bupiaocdpital ;  So.  aplenial ;  Fo.  Tomer.  Tba 
ooN  inoira  the  centarun  of  crushing,  whinh  diwraered  (he  lunoimding  bonei. 
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The  general  impression  wliioh  these  figures  convey  ia  that,  oren 
on  a  more  complete  development  of  the  skull  than  has  already  been 
executed,  the  dorsal  side,  at  tuiy  rate,  woulil  not  present  very 
maBBJTe  proportions.  Yet,  the  surfaces  of  the  bones  thamselves 
are  of  a  very  hard  and  dense  structure,  and  are  poBsesaed  of  ridgn 
and  protuberanoe^  which  leave  no  doubt  as  to  their  bonK^neity 
with  the  respective  bones,  even  where  thuir  sutures  are  mare 
indistinct.  These  anatomical  characters  are  especially  well  defined 
on  the  maxillary  and  tbe  jugular. 

The  sutures  form  slightly  serpentine  lines,  except  between  tha 
parietal  and  the  praafrontal,  where  they  are  serrated.  Tbe  prss- 
masillaries,  whioh  enclose  the  nasal  cavity,  as  mentioned  elsewhere, 
terminate  candally  in  blunted  points,  which  are  broken  oEf.  but  ths 
original  form  of  which  iapreserved  still  as  an  imprinton  the  prcefrontaL 
Tiie  margin  of  the  nasal  impinges  somewhat  on  the  median  contours 
tif  the  praemasillaries,  apparently  to  lend  tliem  additional  strength, 
and  to  prevent  their  breaking  out  easily.  Laterally  they  are  held  ia 
position  similarly,  by  a  coarsely  indented  margin  of  the  maxillary. 

Tbe  limita  of  the  lachrymals  are  more  difficult  of  deter inixtati on ; 
firstly,  because  their  ventral  sides  are  embedded  in  the  stone, 
and  secondly,  because  tbeir  doi-sal  surfaces  are  damaged.  Their 
existence,  however,  cannot  well  be  doubted,  if  we  may  judge  from 
analogy  in  Bhijnehotaurus,  where  they  are  most  clearly  defined. 

I  fully  concur  with  Dr.  Smith  Woodward  in  his  determination  of 
the  middle  of  the  oraninm,  although  the  lateral  margin  of  tb» 
pmfrontal  appears  to  me  to  be  clearly  eooogh  oironmMribed. 

Features  aotaally  new  as  to  their  interpretation  appear  again  only 
behind  the  orbit,  where  the  postorbital  is  oonspionons  both  by  its 
shape,  its  position,  and  by  being  eatirely  excluded  from  partioipatioD 
in  the  orbital  foramen.  It  forms  the  whole  of  tbe  anterior  portion, 
and  part  of  the  lateral  contour  of  the  temporal  fossa.  Its  poeterior 
end  18  unfortunately  broken  off,  but  no  doubt  can  be  entertained 
as  regards  its  original  shape,  from  the  evidence  supplied  bj  the 
snrfaoe  of  its  underlying  squamosal,  on  which  the  outlinea  of  its 
margin  can  be  identified  distinctly. 

The  squamosal  itself  is  in  a  very  imperfect  state  of  preservation. 
It  is  connected  with  the  preeorbital,  and  participates  in  Uie  formation 
of  the  snpratemporal  foramen;  a  ramus  of  the  qnadrato-iognlar 
asoenda  to  the  latter,  on  the  outer  side  of  the  squamosal.  'Hie 
squamosal  is  represented  in  its  greater  part  only  by  the  mould  whi<A 
it  has  left  in  tbe  stone.  It  is  quite  probable  that  a  posterior  temporal 
fossa  was  formed  by  the  squamosal  and  a  branoh  of  the  qnadmte 
bone.bnt  oa  this  point  the  information  to  be  obtained  from  literature 
is  of  too  Tagne  a  nature  to  allow  onr  arriving  at  any  definUe 
oonolusions  thereon. 

The  qnadrate  itself  is  a  broadish,  disk-like  bone,  deepened  in 

the  centre.     Its  complete  immobility  can  be  ascertained  from  tbe 

fact  that  it  is  joined  to  the  squamosal  and   the  qaadrato-JDg:alar 

by  suture.     It  could  not  have  participated  in  the  formation  of  the 

1^   literal  temporal  for&mon ;  t\t«,t  q&ca  ti«a  nsarved  to  the  qnftdnto- 
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jagnlar  lying  in  front  of  it,  whioh  in  its  turn  is  oonnected  agaia 
with  the  peculiarly  shaped  jugular.  This  latter  bone  borders  the 
anterior  portion  of  the  temporal  fossa,  and  forms,  as  far  at  least  as  it 
is  exposed,  the  base  of  its  posterior  limits.  Two  strongly  developed 
longitudinal  ridges  stretoned  across  it,  of  which  the  lateral  one, 
which  is  the  shorter  of  the  two,  is  projected  towards  the  quadrato- 
jugular  by  means  of  rough  spines.  Its  normal  situation  on  the 
skull  is  preserved  only  on  the  left  side,  from  which  it  has  been 
figured.  Leaning  against  it  and  to  the  front  of  it,  is  the  maxillary, 
which  I  found  to  deviate  considerably  from  previous  descriptions.. 
The  maxillary  is  edentulous,  and  separated  from  the  exclusively 
dentigerous  palate-bone  by  a  distinct  suture,  which  is  not  only  the 
case  in  this  skull,  but  I  have  been  enabled  to  verify  it  in  another 
separate  fragmentary  bone  in  excellent  preservation.  Only  a  narrow 
branch  of  it  separates  the  anterior  margin  of  the  palatine  from  the 
pr»maxillaries,  without  any  indication  of  a  ridge  on  the  inner  nasal 
foramen.  Dorsad  it  interlocks  by  means  of  a  small  angle  only  witb 
the  prsdmaxillary  and  the  lachrymal  bone. 

Not  more  than  three  bones  are  discernible  in  the  roof  of  the  moutlu 

The  vomers  join  each  other  along  the  median  line,  but  both  their 
anterior  as  well  as  their  posterior  margins  are  covered  in  this  case 
by  matrix.  On  the  right  side  they  are  in  their  natural  relationship- 
to  the  palatal  bone,  the  maxillary,  and  the  prssmaxillary.  Not  so  on 
the  left,  where  the  original  contact  has  been  disturbed  by  crushing 
in  such  a  manner  that  Huxley  was  tempted  to  suggest  the  existence^ 
of  inner  nares  in  this  particular  place.  For  my  own  part  I  find 
it  most  difficult  to  adopt  this  view,  as  I  opine  that  they  are  more 
likely  to  be  found  in  the  gap  between  the  posterior  margin  of  the 
palate-bones,  if  the  lower  jaw  could  be  separated  from  the  rest  of 
the  skull. 

The  palatine  bones  themselves  are  curved,  thinuish  plates,  with 
their  anterior  margins  rounded  off.  Their  posterior  margins  articulate 
with  the  subcircular  pterygoids,  of  whioh  only  the  right  one  is  com- 
pletely preserved. 

The  mandibular  ramus  is  composed  of  several  separate  bones- 
similar  to  many  other  reptiles.  They  do  not  articulate  on  their 
margins  by  means  of  jointed  sutures,  but  overlap  each  other  like 
flakes,  and  therefore  render  a  clear  and  precise  description  somewhat 
difficult.  No  doubt  can  prevail  about  the  mandibulars.  Their 
curved  sulci,  placed  at  a  short  distance  from  the  apices,  appear  to  me- 
to  be  a  good  indication  of  the  limits  to  which  the  homy  sheaths 
come  in  close  contact  with  the  bone,  which,  however,  is  not  so  far  as- 
might  have  been  assumed  at  first  sight.  Their  posterior  margin  is 
very  indistinct,  through  injury  to  the  outer  crust  of  the  bone,  and. 
can  therefore  only  be  guessed.  The  mandibulary  at  this  place  is  iu. 
contact  with  two  bones,  one  of  which  I  take  to  be  the  articular,, 
from  the  fact  that  it  articulates  with  the  quadrate  bone,  whilst  the- 
other,  the  supra-angular,  though  represented  only  by  its  impression,, 
nevertheless  agrees  with  Owen's  statement  in  regard  to  the  corre- 
sponding   bone    in    Bhynchoiaurus.      The  "veiilT^l  m^^^  ^i  "Csi^ 
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faftuaaxillaries  is  formed  by  the  spleniala.  It  is  these  latter 
«Uob  contribute  principally  to  the  fonnation  of  the  Bymphyaii, 
«t  lent  externally.  Indeed,  tbey  are  eo  strougly  united  r3  to  form 
ft  mooess  on  their  pasterior  margin. 

^hw  angulary  is  not  preserved  here,  but  it  is  present  id  Hgpero- 
^faptioii  minor,'  in  which  a  portioD  of  the  ooroooid  bone  seems  to  ba 
•Iw  partly  preserved,  lu  the  latter  species  the  position  of  tba 
mtmilar  can  be  made  out  with  tolerable  clearness.  It  reaches  la 
wpat  the  middle  of  the  inferior  ridge  of  the  lower  jaw. 

Tbe  remains  of  tbe  hyoidal  bones  have  already  been  referred  to  by 

{To  t4  lentinuti.) 
m. — A   StWUABV   OF 

Prim, 
Bj  C.  I,  FoRSTTH  Ma/or,  M.D.,  F.Z.S. 

ALTHOUGH  tbe  present  summary  covers  the  same  grotind 
reviewed  only  a  few  months  ago  by  tbe  junior  bearer  of  tkt 
VMOe  wbicb  will  always  be  gratefully  and  prominently  remembered 
in  ooanection  with  tbe  8cieuti6o  conquest  of  Madagascar,*  the 
fbllowfng  lines  will  show  tbat,  short  as  the  interval  has  been,  the 
new  B^ditions  are  not  unimportant. 

If  it  might  be  regretted  that  many  of  the  new  facte  are  being 
•erred  out.  as  it  were,  by  driblets,  this  in  most  cases  is  scarcely 
to  be  avuideJ,  aa  many  of  tbe  specimens  on  whicfa  tbe  evidence 
rests  are  very  fragmentary,  and  beaidaa  disperaod  in  vaiioni 
Museums.  In  tbe  case  of  more  complete  m&teriale,  the  prepantion 
for  publication  requires,  for  obvious  reasons,  a  longer  time,  ao  that 
the  provisional  sifting  of  the  material  may  not  be  out  of  place,  were 
it  only  to  keep  aa  much  as  possible  within  reasonable  limits  the 
often  unavoidable  increase  of  synonymy. 

As  far  as  the  remains  recorded  Dy  M.  (i.  Qrondidier*  aie  con- 
cerned, mention  is  mode  in  the  present  notice  only  of  those  oboat 
which  I  have  something  new  to  say. 

I.    MEOALADAPIS. 

At  tbe  December  meeting  of  the  Zoological  Society '  I  briefly 

noticed  under  the  name  of  Megatadapit  inngnii  a  new  species  of  Hat 

fnus,  based  on  fragments  of  the  apper  and  lower  jaw,  which 
have  fully  described  in  another  place.'  The  Geologioal  Depart- 
ment of  tbe  British  Museum  baa  sinoe  acquired  the  anterior  portion 
of  another  skull  of  the  same  apecies,  probably  9>  *hich  shews  tbst 
in  the  adult  condition,  at  any  rate,  ttiis  animal  was  devoid  of  appei 

<  I  wiih  to  give  tbis  name  to  ■  fragment  mmtLOQed  bf  Hulc^,  QJ.0.8.,  1869, 
p.  US,  Ukd  ipedScaUv  diffsrent  from  H.  Oontoni. 

*  Ouilltame  Orondidier,  "  Sor  1«  Umorieni  mbfotdles  de  Hadagueu": 
<!.  R.  Ao.  Sd.  Fuig,  28  Mai,  1900. 

*  Proc.  Zool.  Soc.  London,  18B9,  p.  """ 

*  "  Extinct  Mammalia  from  Uadi 
i^,  Tnu.  Boy.  Soc.  London,  voL  ci 
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inoison.  This  is  another  amement  with  the  recent  Malagasy 
genns  Zepidolemur,  attested  iSso  by  the  similarity  in  the  pattern 
of  the  molars.  The  strongly  curved  nasals  of  this  MegcUadapi^ 
protrude  forward  more  than  in  any  other  Lemuroid. 

Dr.  T.  Lorenz  has  of  late^  publisned  under  the  name  of  Megdladapi$^ 
^aehyeephaluB,  sp.n.,  the  upper  and  the  side  view  of  the  skull  of  a 
MegaiadaptB  taken  from  photographs  which  had  been  communicated 
to  various  museums  and  zoologists  by  the  collector,  Sikora,  who 
had  discovered  the  remains  in  a  cave  near  Fort  Dauphin  on  the 
south-east  coast  This  skull  is,  in  my  opinion,  of  the  same  species^ 
as  the  above-mentioned  remains  in  the  British  Museum,  which  are 
from  the  same  locality.  In  the  same  paper'  Dr.  Lorenz  publishes 
another  photograph,  representing  the  side  view  of  a  Lemurine  skull 
from  the  same  cave  near  Fort  Dauphin  ;  the  figure  is  briefly 
described,  and  named  "  Me$oadapi$  deitructui,  gen.  no  v.  spec,  nov." 
The  original  of  the  photograph  had  been  previously  acquired  by  the 
British  Museum,'  and  will  be  described  in  detail  shortly.  It  belongs 
to  a  young  individual  of  Megaladapi$  insignis  :  the  three  cheek-teeth 
visible  are  the  deciduous  molars  ;  the  caniniform  tooth,  exhibited 
in  profile  in  the  photograph,  is  the  anterior  protruding  portion  of 
the  permanent  canine.  This  skull  confirms  the  opinion  formerly 
expressed  by  me,  viz.,  that  young  specimens  of  Megaladapis  would 
show  a  much  closer  approach  to  the  ordinary  Lemurine  type  than 
the  adult  in  the  conformation  of  the  brain  cavity  and  its  walls.* 
From  what  has  been  stated  above,  the  synonymy  of  the  species  is  a^ 
follows : — 

Mkoaladapis  insignis,  Maj.^ 

Syn.  Megaladapis  brachycephalus,  Lor.* 
PcdcBolemur  destruclus,  Lor.^ 
Mesoadapis  destructus,  Lor.^ 

From  the  well-known  locality  Ambolisatra,  on  the  south-west 
coast  of  Madagascar,  O.  Orandidier  has  described  two  femora,  the 
larger  of  which  he  considers  as  belonging  to  Megaladapis  mada- 
gascariensis,  whilst  the  smaller  is  provisionally  called  Megaladapis  (?) 
Filholi.^  Both  the  bones  share  the  same  general  characters, 
viz.,  shortness  and  extreme  an tero- posterior  flattening  ;  bat  the 
difierences,  as  has  been  pointed  oat  by  Mr.  Grandidier,  are  sufficient 
to  warrant  their  being  referable  to  two  different  although  closely 
allied  genera. 

*• 

*  Ludwig  Ritt.  Lorenz  v.  Liburaau,  **  Uber  einige  Reste  auagestorbener  Primaten 

▼on  Mada^kar" :  Denkschr.  Akad.  Wiss.  Wien.,  Ixx  (1900),  p.  8,  pi.  ii. 

*  Op.  at.,  p.  10,  pi.  iii,  fig.  3. 

'  Dr.  V.  Lorenz,  when  writing  his  paper,  was  not  aware  of  this  circumstance. 

*  Phil.  Trans.  Roy.  Soc.  London,  B,  vol.  cIxixt  (1894),  p.  27 ;  Proc.  Roy.  Soc. 
London,  vol.  Ixii  (1897),  p.  49. 

*  Proc.  Zool.  Soc.  London,  December  19,  1899,  p.  989. 
«  Op.  cit.,  1900,  p.  8,  pi.  ii. 

*  Anzeiger  Akad.  Wiss.  Wien.,  1900,  No.  1,  p.  8  {teate  Lorenz). 
«  Denkschr.  Akad.  Wiss.  Wien.,  Ixx  (1900),  p.  10,  pi.  iii,  fig.  1. 
«  Bull.  Mus.  d'hist.  nat.  Paris,  1899,  No.  6,  pp.  272-276. 


The  smaller  of  the  two  bones  does  not  Heem  to  me  to  be  out  of 
^iroportioa  willi  the  skull  of  Megalndapit  madagatearieiaii  ;  if 
■this  supposition  is  right,  the  larger  femur  may  prove  to  belong 
to  PeloriadapU,  a  new  genus  allied  to  MegaladapU,  based  bjr 
O-.  Orandidier  on  some  teeth  from  the  same  loeality.' 

A  decided  approacb  towards  the  Nyctioebinro,  especially  the  West 
African  Ferodicticm  and  Aretocebia,  is  the  flattening  of  the  shaft  of 
botii  these  femora,  and  the  slight  curvature  with  the  concavity 
forwards,  togetlier  with  the  large  bead  and  the  very  large  plale-Iike 
'lesser'  trochanter  of  the  smaller  of  the  two,  a  speoimeD  of 
which,  from  the  same  locality,  is  in  the  British  Uaseum.  These 
resemblaDoes  may  or  may  not  be  an  indication  of  closer  relationship ; 
on  the  other  hand,  the  locomotion  can  scarcely  have  been  the  same 
in  the  two  groups.  If  the  sluggish  Nyoticebinee  are  to  Bome  extent 
comparable  in  their  habits  and  locomotion  with  the  Bradypodids,  (he 
clumsy  Megaladapti  can  scarcely  be  supposed  to  have  been  clirabets 
at  all.  Tbe  remarkable  shortiiess  and  flattening  of  the  Mf^aladapU 
femur  calls  to  mind  the  same  bone  of  aquatic  Mammalia ;  tlie 
■«levated  position  of  its  orbit  would  point  in  the  same  direction. 

As  to  the  afBnities  of  MegaladapU  with  other  Lemuroids,  I  now 
bold  that  its  specializations  are  not  a  sufficient  reason  for  its  being 
removed  into  a  separate  family.  There  are  in  tbe  first  place 
nndoubted  afBnitiee  in  the  pattern  of  the  cbeek-teetb  with  Ltpido- 
•lemur  and  also  with  the  Indrisinte.  Belying  chiefly  on  the 
vertebral  ooliimn,  Mivnrt  long  ago  submitted  that  LepidoUmur 
-"  seems  to  be  that  genua  of  the  Lemarinn  wfaiob  most  spproxiiMta 
-to  the  Indrisinn.'"  In  this  I  fully  concur,  as  the  oharaoten  of  the 
molars  and  the  leg-bones  point  in  the  same  direction.  On  the  other 
4isnd,  Winge  has  iueisted  on  the  relationship  of  Ckiromyi  with  tbe 
lodrisinte,  and  in  my  opinion  be  is,  sa  usual,  right  here  also.  It 
will  thus  be  possible  to  show  that  these  fonr  groups,  at  first  sight  so 
-very  different  from  each  other,  because  each  of  them  is  speouHsed 
in  a  different  direction,  are  closely  related  to  each  other,  and  pre- 
sumably had  a  common  origin.  There  are,  besides,  ressoiiB  for  the 
assumption — the  molar  pattern  for  one — that  they  were  derived 
from  a  common  stem  with  the  Cebide;.  Whether  this  is  the  right 
-view,  the  future  will  show. 

ir.  PAL.ffi:0CHlR0GALU8. 
Another  reoent  addition  to  our  knowledge  of  exttuot  Halagan 
Lemurids  is  equally  due  to  U.  (i.  Orandidier.  He  desoribea  and 
figures  two  teeth,  which  "  recall  in  their  general  form  the  two  last 
upper  molars  of  Ckirogalu$,"  and  accordingly  calls  them  Palmoekin- 
^altt$  Jullyi  (noT.  gen.  et  nov.  sp.).'  These  teeth,  ^m  the  marshes 
of  8inb6,  belong,  in  my  opinion,  to  an  extinct  form  of  the  genoa 
£«inur,  tbe  figure  to  the  right  representing  the  first  or  seoond  left 
4ipper  true  molar,  whilst  the  figure  to  the  left  appears  to  be  tbe 

'  Boll.  Hm.  d'hiit.  nat.  Puis,  isgs.  No.  S,  p.  27fi  1  No.  T,  p.  S4i. 

>  Proc.  Zool.  Soc.  Londnn.  1873.  p.  4S(\. 

'  Bull.  Mus.  d'hist.  nat.  tans,  UV9,  Ho.  7,  p.  S4G. 
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posterior  apper  deoiduoos  molar.  A  peculiar  feature  of  these  teeth 
48  the  strong  deyelopment  of  the  antero-external  ousp.  Yon  Lorenz 
has  figured,  after  photographs  reoeived  from  Sikora,  the  upper  and 
side  view  of  an  imperfect  skull  of  apparently  the  same  species,  from 
the  cave  of  Andrahomana,  near  Fort  Dauphin.^ 

m.    NESOPITHECUS  and  aUies. 

Under  yarious  generic  denominations,  viz.,  LopMoUmur,  Filh. 
(1895),  Neiopitheeus,  Maj.  (1896),  Olohilemur,  Maj.  (1897),  Brady- 
Umur,  G.  Grandid.  (1899),  Protoindrii,  Lor.  (1900),  a  certain 
number  of  more  or  less  fragmentary  skulls  and  lower  jaws  of 
iqpparently  yenr  closely  allied  extinct  Primates  from  Madagascar 
h^yre  been  briefly  noticed  during  the  last  few  years. 

It  is  quite  possible  that,  when  more  completely  known,  these 
Temains  may  in  fact  deserve  to  be  classed  in  more  than  one  genus ; 
on  the  other  hand,  some  of  the  specific  names  will  be  reduced  to 
synonyms ;  for  the  present,  or  at  least  for  the  purpose  of  the  present 
BoticCi  this  IB  unessential.  Should  they  prove  to  belong  to  one 
genus,  the  name  Lophiolemur  would  have  the  priority,  or  rather 
probably  Arehaolemur,  a  name  based  by  Filhol  on  some  leg-bones 
from  Belo  on  the  west  coast;*  the  few  characters  given  of  the 
humerus  of  ArchaoUmur  agree  with  those  of  two  species  of 
Ne90pilheeu8.  The  primary  question,  however,  refers  to  their 
relationship  with  other  Primates. 

The  first  noticed  of  all  these  remains  is  the  cranial  portion  of 
«  skull,  which  I  described  and  figured  in  1893,'  approximating  it  to 
Hapalolemur ;  the  name  Globilemur  assigned  to  it  dates  from  1897.^ 
In  the  marshes  of  Sirab^  (Central  Madagascar)  I  subsequently  found 
the  anterior  portion  of  a  skull  and  other  remains,  which  I  shortly 
described  under  the  name  of  NesopUheeus  Bohertt,  establishing  for 
ihem  a  separate  family  of  Antbropoidea,  ''intermediate  in  some 
respects  between  the  South  American  CebidsB  and  the  Old- World 
OercopithecidsB,  besides  presenting  characters  of  its  own."  ^ 

Meanwhile  Filhol  had  published  the  new  genus  Lophiolemur 
^L,  JSdwardstjf  chiefly  on  two  mandibular  rami  discovered  long  ago 
by  M.  A.  Grandidier  at  Ambolisatra  (south-west  coast).'  These 
rami,  which  I  have  been  able  to  examine  owing  to  the  kindness  of 
Professor  Filhol,  are  undoubtedly  closely  related,  if  not  generically 
identical,  with  Neaoptlheeus ;  it  seemed  to  me  that  their  molars  were 
slightly  more  lophodont  than  in  the  latter  genus.  G.  Grandidier,  in 
liis  turn,  has  discovered  at  Belo  an  upper  and  a  lower  jaw,  the 
characters  of  which  justify  in  his  opinion  the  creation  of  the  new 
^nus  Bradylemw  {B,  rohustus),  related  to  Lophiolemur  and  to 
J^eiopithecusJ' 

*  Op.  cit.,  p.  14. 

»  Bull.  Mus.  d'hist.  nat.  Paris,  1895,  No.  1,  p.  13. 
>  Proc.  Zool.  Soc.  London,  1893,  p.  632. 

*  Proc.  Boy.  Soc.  London,  toI.  Ixii  (1897),  p.  46. 

*  Gbol.  M!ao.,  Dec.  IV,  Vol.  Ill,  October,  1896,  p.  436. 

*  liOC.  cit.   D.  13. 

''  Bull.  Mas.  d^hist.  nat.  Paris,  1899,  No.  7,  pp.  346-348,  with  fire  text-fi^orea. 


A  bMotifnllj  praBerreil  bkull  in  the  Britisli  Miisenm,  frotn  a  cave 
near  Fort  Duipbin  (Math-east  ooaat),  briefly  described  by  me 
'  under  tbe  name  of  Seaopitheaig  auntralh,'  ehowed  first  or  all  tlut 
OlMUwmr  is  «  member  of  this  group  anri  probably  not  Fceaerioall; 
distinot  from  IfMOptthMfu,"  and  that  Neeopilhecus  shared  witb  the 
iManrs,  espeoially  thow  of  Madagaacar,  a  oertaiu  number  of  oranial 
ofatiMten.  It  aiN  tbowB  that  I  was  miatAken  in  supposing  that 
NtaopiOiaeM  Bt^trti  had  tbe  orbits  separated  from  the  temporal 
foans  by  a  bony  wall ;  and  although  the  absenoe  of  tbe  latter 
ia  not,  striotly  ipeaking,  a  chnmcter  which  can  find  a  place  in 
the  dtagnoaia  of  lemnis,  as  distinguished  from  tbe  monkeys,  it 
oertainly  ia  a  more  primitive  feature  than  the  presence  of  a  bony 
Beptmn.  And  n  are  the  lemurine  features  of  the  NetopUheai* 
altnll,  vis.,  the  oonformation  of  the  bniia  craiiii.  especially  of  the 
bulla  ^mpanioa,  the  oharacler  of  the  malar  bone  reaching  the 
laobryiiAl,  eto. 

One  lemnrine  feature  of  NaopiUueu,  the  poridon  of  Hn  ItMim 
oaniniform  tooth,  whioh  doaa  not  bite  in  fhint  of  ttte  uppv.  hmj  be 
OOQudered  to  be  a  tranaition  between  tiie  oondldon  ezlubited  hr  ft» 
Kew  World  monkeya  on  the  one  side  and  &e  Old  Worid  mouqr* 
on  the  other.    Tbia  on  the  following  gronnda. 

The  commonly  received  view  that  tbe  lower  oanlnlfiMtit  tooth  «f 
reoent  Lemnridae  is  not  a  '  canine  *  bnt  a  premolar,  beaBina  it  la  MR 
placed  in  front  bnt  behind  the  npper  canine,  d^ea  from  QoolAajr 
Saint-Hilaire.  Objeotiona  have  been  raised  from  time  to  time, 
e-g.  by  Hoeeley  and  Kay  Lanbester,*  and  about  the  same  time  by 
Donitz.'  llie  latter  pointed  out  that  the  tooth  in  queation  ia  not 
situated  in  the  diastema  between  the  npper  canine  and  the  upper 
BDlerior  premolar,  but  acts  with  its  cusp  against  the  inner  aide  of 
the  upper  canine.  Similar  remarks  have  been  of  late  made  by 
Von  Lorenz.'  A.  Grandidier,  on  his  side,  believes  that  the  preaenoe 
in  young  Indrisinge  of  a  canine  da  lait,  whioh  is  not  r^laoed,  erttlee 
the  question  onoe  for  all  in  favour  of  Geoffrey  Saint-Hilaire's  view.* 
However,  this  tooth  of  Indriainee  being  the  evident  homologne  of 
the  outer  of  the  three  incisiform  teeth  of  other  Lemnrids,  or  rather 
of  its  deciduous  predecessor,  it  proves  nothing  more  or  lesa  than 
does  this  supposed  '  lower  canine  *  of  other  members  of  the  family. 

'  Proc.  Zool.  Soc.  London.  1899,  p.  988.  Proteindrii  glebicept,  Loreni 
(DenkHctir.  Akud.  Wie«.  Wien.,  kx.  190U,  p.  II,  pi.  iii,  S^.  2),  is  baaei  no 
u  photograph  from  Mr.  SikoTa  representing  the  reduved  aide  new  at  the  type  of 

'  It  IB  poBaible  that  mj  Globikinur  Flacaiirti  from  the  neighbourhood  of  NoM-Te 
on  tbe  Bouth-west  coast  mBV  prove  to  be  apBcifically  identical  with  Brajj/limiir 
Battardi,  G.  Grand.  [Bull.  Hue.  d'hvit.  nnt.  Paris,  1900,  No.  S,  p.  21S],  fom 
Amboliutm. 

*  Jouin.  Anat.  &  Phpiol,,  iii,  1888,  pp.  73-80  (1889). 

*  "  Uber  die  Ectuahne  der  Lemuriden  "  :  Sitzungsber.  Oes.  Katvrf.  Freimde, 
Berlin,  tSth  December,  IBS8,  p.  32. 

*  On.  fit.,  p.  7. 

'  "  Hidtoire  phvsiqnt,  Dntiircllo,  el  jiulitiuue  lU'  Miidaciacai,"  HunnuiSrei,  i, 
p.  32,  footnote  3  (,i87e>. 
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The  lower  caniniform  tooth  of  Mammalia  is  generally  anterior 
to  the  upper  caniniform ;  if,  however,  for  some  reason  or  other  the 
upper  premolar  aeries  should  beoome  lengthened,  or  the  lower 
premolar  seriee  shortened,  the  position  of  the  lower  *  oanine '  may  bd 
altered.  Bateson  has  described  and  figured  an  instance  of  the  first 
kind.  A  skull  of  Aides  marginatus  in  the  British  Museum^ 
(No.  1,2146,  collected  by  Bates)  exhibits  the  unusual  number  of  four 
premolars  on  either  side  of  the  upper  jaw.  ''  As  a  consequence  the 
lower  canines  bite  on  and  partly  behind  the  upper  canines."  ^  The 
skull  is  before  me :  on  the  right  side  the  lower  canine,  in  fact,  acts 
on  the  inner  side  of  the  upper  oanine ;  on  the  left  side  its  position  is 
almost  normal. 

The  Ceroopitheoidaa,  and  in  general  all  the  monkeys  with  only 
two  premolars,  are  evidently  derived  from  older  forms  with  three 
premolars.  As  often  happens,  the  loss  of  the  lower  premolar  may 
haye  preceded  in  time  that  of  the  upper  jaw,  so  that  we  may 
imagine  a  transitional  stage  in  which  there  were  three  premolars 
above  and  two  below.  In  that  case  the  lower  canine  might  slide 
slightly  backwards,  and  would  in  that  case  act  on  the  inner  side 
of  the  upper  canine ;  this  is  precisely  the  condition  of  things  in 
Nesopithecus  and  also  in  the  majority  of  recent  Lemnridad.  When 
.finally  one  of  the  three  upper  premolars  comes  to  be  lost,  the  lower 
*  canine '  might  come  again  to  occupy  its  original  position  in  front 
of  the  upper,  as  is  the  case  in  all  Old  World  monkeys. 

There  are,  therefore,  as  good  reasons  for  the  assumption  that 
the  caniniform  lower  tooth  of  Nesopithecus  and  of  most  of  the 
Lemuridad  is  the  homologue  of  the  lower  'canine'  of  Old  World 
monkeys,  as  for  the  generally  roceived  view.  Nesopithecus  has 
approached  nearer  than  most  of  the  Lemuridse  to  the  monkeys 
by  retaining  only  two  lower  incisors.  For,  of  course,  as  a  con- 
sequence of  the  hypothesis  propounded  here,  the  six  iucisiform  lower 
teeth  of  the  majority  of  Lemuridse  would  have  to  be  considered 
as  the  homologues  of  the  six  lower  incisors  of  the  majority  of 
Plaoentalia.  This  constitutes,  for  the  present,  its  weak  point,  because 
most  of  the  Tertiary  Lemuridse  are  supposed  to  have — and  Adapis- 
certainly  has — only  four  lower  incisors. 

It  is  obvious  that  the  position  of  Nesopithecus  in  the  system  cannot 
be  discussed  without  reference  to  the  relations  between  lemurs  and 
monkeys  generally.  The  general  question  being  too  large  for 
discussion  here,  I  must  limit  myself  to  the  following  remarks. 

A.  Milne-Edwards  and  A.  Grandidier  have,  contrary  to  Mivart, 
considered  the  Lemuroidea  as  forming  a  distinct  order.  Although  in 
the  ''  Histoire  de  Madagascar,'*  up  to  the  present  day,  the  description 
of  the  Indrisinse  alone  has  been  published,  this  was  believed  to  fully 
settle  the  question  at  issue.  The  Indrisinse  being,  as  far  aa  brain 
development  is  concerned,  the  highest  of  recent  lemurs,  and  thus 
approaching,  more  than  the  rest,  the  Anthropoidea,  the  conclusions 
as  to  their  relationship  with  the  latter,  derived  from  the  comparison 

>  W.  Bateson:  **  Materials  for  the  Study  of  Variation,  etc.,"  1894,  pp.  206, 
207,  fig.  38. 
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of  tiMir  other  cbaraotere,  seemed  a  fortiori  to  apply  to  nil  tbe  otbtr  1 
tanm. 

'  'S\im  cArefnl  And   detailed   oomparieona  between    Indrisirue  and 
Aaflmpoidea  *  show  in  fact  a  great  amount  of  difiereoce  between 
bodt  In  all  the  organe.     But  it  woald  he  an  error  to  infer  from  thi^ 
wlftorfMcwer  examination,  that  the  eame  holds  good  wiih  regai4 
to  in  oHEiOinurida.     In  OBt«ological  obaracterB,  I^idol^mttr  and,  to 
ft  MBi^Ek  lessor  extent,  ChWo^ale,  range  with  the  Indrisina> ;  bat  , 
As  gMM  Lemur  and   IJapalohmur,  to  limit  myaelf  to  M&lagaay  | 
L—tUlMtB,  tell  quite  another  tale.     Take,  for  instance,  the  bamero^ 
1m  BMt  of  tbe  features  of  this  bone,  which  have  been  pointed  ont  M 
fll»i»ot«ristio  of  tbe  monkeys  in  opposition  to  the  Indrisinaa.  Lemct  ' 
"      ■  ifetnur  range  on  the  aide  of  the  former,  and  this  appliM 
r  force  atill  to  the  humerus  of  NtaopUtieeut.     Tbe  name 
L  more  or  less,  for  most  parts  of  the  skelelon,  but  I  ban  ' 
Iqnoted  the  biimerua  as  an  example,  becanae  it  is  one  of  I 
9  known  of  tbe  Tertiary  Adapit.     Filbol  desoribes  it 
a  approaching  closely  to  the  'JUoJtis,'  having  in  view,   i 
nt  of  all  the  genua  Lemur.     At  any  rate  tbe  desoription    ' 

jnrea  of  tbe  Adapts  humenia  agree  very  nearly  with  tba 

HBie  booe  of  Lemnr  and  Ilapalolemur. 

Put  of  the  Leinurido!  therefore  come  in  their  skeleton  oloaer  ta 
tita  DUMakeys  than  is  generally  believed,'  and  Neiopitkecu*  goes  a  alep 
ftrther  in  tbe  eame  direction.  In  tbe  latter  we  may  distiDgm^ 
fbor  lets  of  obaiaoten. 

1.  Primitivft  oharaoters  whidi  Neto^theeut  Bhares  with  AdapU  and 
with  part  at  least  of  tbe  Lemaridn  generally ;  e.g.,  oerebellam  not 
overlapped  ;  large  bulla  tympanioa,  tympanic  ring  froe ;  orbits  not 
doaed  behind  by  a  bony  septum ;  entepicondylar  foramen  of  the 
humerua.  Theae  two  last  cbatactera  might  with  almost  equal  reosoa 
find  a  place  under  2. 

2.  Characters  which  Naopilheciu  has  in  common  with  th«  lea 
specialized  lemurs  and  with  monkeys  as  well,  and  whioh  neTsrtheUsi 
are  comparatively  primitive,  for  I  submit  that  in  a  oortain  aumbcr 
of  oharaoters  tbe  monkeys  are  lees  specialiEed  than  nambars  of 
lemurs ;  e.g.,  more  or  leas  vertical  inaertions  of  lower  inouors,  many 
features  of  the  appendioalar  skeleton. 

3.  Simian  obarootera,  absent  in  tbe  Lemuridm,  and  whioh  Jfsso- 
pitheetu  ahares  exclusively  with  the  monkeys,  and  some  of  then 
more  particularly  with  the  Cercopitbeoidsa ;  e.g.,  volnminoos  bnin, 
with  the  arrangement  of  tbe  oonvolutions  appToaohing  those  of 
monkeys ;  steep  facial  profile  of  the  skull ;  orbits  directed  atnig^ 

1  ■•  Hiiioiie  phjaiqnes  nstarelle,  et  politiqas  de  UadagHcar,"  Uanuniflm,  i 

(1879). 

*  "  If,  in  accordaace  vith  the  traditional  viem  of  foologivti,  tho  Lemon  an  rtiB 
comidsred  to  be  members  of  thte  order  [i.e.  Prim»l«e],  th«T  mmt  form  ■  nlMwdK 

rt  from  all  ths  others,  with  which  the]'  tutTe  rttUj  TorTtittU  in  common  eicapt 
opponble  hallux  of  the  hind  foot,  a  eharaetei  alio  met  with  in  ttrn  OpoMOM 
and  wtuch  i«  therefore  of  Terr  secondary  importanee." — Flower  ft  L;dBkker :  "  la 
Introduction  to  the  Btnd^  ol  !£.aaULM^,UiVQf  v^vxtinet,"  1S9I,  p.  680. 


Dr.  Fonyih  Mqfor — Extinct  Primates  of  Madagascar.     499 

forward;  position  of  the  lachrymal  foramen  inside  the  orbit  (at 
least  in  one  species,  viz.  N.  Bobertt) ;  conformation  of  the  internal 
pair  of  npper  incisors;  number  of  lower  incisors;  limb-bones 
as  a  whole  in  seyeral  features  intermediate  between  monkeys  and 
lemurs  (entepicondylns  of  humerus  strongly  developed  and  directed 
backwards,  etc.). 

4.  Characters  which,  being  proper  to  NesopithecuB,  mark  its 
specialization ;  e.g.,  preponderance  of  ante-molars  over  the  true 
molars,  especially  in  the  upper  jaw;  blade-shaped  premolars; 
beginning  of  lophodonty  in  the  true  molars,  the  latter  character 
being  apparently  more  pronounced  in  some  species  than  in  others. 

The  first  three  sets  of  characters  united  are  precisely  such  as  must 
have  been  possessed  by  the  immediate  ancestors  of  the  Ceroo- 
pithecidiB.  It  is  therefore  difficult  to  imagine  that  the  simian 
characters  of  Neiopithecua  do  not  indicate  any  nearer  relationship 
to  the  CercopithecidsB,  but  that  they  have  been  independently 
deyeloped  in  the  former  as  a  sort  of  simian  mimicry. 

The  position  thus  taken  up  by  the  writer  will  have  to  be 
expressed  in  classification  by  giving  up  the  two  separate  suborders 
of  Primates,  thus  going  one  step  farther  than  Mivart  Ne$opithecu$, 
with  HadropitheeuB  (see  below),  appear  to  form  a  side-branch  of  the 
evolving  line  from  lemurs  to  monkeys,  branching  o£f  dose  below  the 
Oeroopithecidas. 

IV.    HADROPITHECUS. 

A  further  interesting  addition  to  our  knowledge  of  extinct 
Malagasy  Primates  is  IladropitJiecua  stenognathui,  Lorenz.^  I  under- 
stand from  Dr.  v.  Lorenz  that  he  now  holds  this  genus  to  be  closely 
related  to  Neaopithecus,  a  view  with  which  I  fully  agree.  The 
imperfect  mandible  upon  which  the  genus  is  based  shows  the 
number  of  teeth  to  be  the  same  as  in  Neaopithecus,  viz.,  on  each 
side  six  cheek-teeth,  of  which  the  three  posterior  are  undoubtedly 
true  molars,  and  two  incisors  inserted  in  a  still  more  erect  position 
than  in  the  latter  genus ;  in  fact,  they  are  well-nigh  vertiod.  Of 
the  cheek-teeth,  the  true  molars  preponderate  in  horizontal  extension 
over  the  ante-molars,  the  opposite  being  the  case  in  Neaopithecua. 

In  their  pattern  the  true  molars  are  not  very  di£ferent  from  those 
of  the  last-named  genus,  the  difference  appearing  to  be  mainly  the 
result  of  a  more  hypselodont  character  in  the  teeth  of  Hadroptthecua. 
The  posterior  premolar  of  the  latter  is  almost  molariform,  and  the 
ante-molars  as  a  whole  are  not  blade-shaped,  a  character  which  gives 
quite  a  peculiar  appearance  to  the  dentition  of  Neaopithecua,  recalling 
to  mind  the  Plagiaulacidse,  as  well  as  ThylacoUo  and  Potoroua 
{Hypaiprymnua) . 

1  <<Uber  einige  Eeste  ausgestorbener  Primaten  von  Madagaskar":  loc.  cit., 
pp.  2-8,  pi.  i,  figs.  1-7. 
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lY. — Pleistooene  Shells  fbom  the  Raised  Beach  Deposits  of 

THE  Red  Sea. 

By  R.  BuLLBN  Nbwton,  F.G.S.,  of  the  British  Museum  (Natural  History). 

(PLATES  XX-XXII.)^ 

AN  interestiDg  collection  of  shells,  numberiDg  more  than  fifteen 
hundred  specimens,  obtained  by  the  officers  of  the  Gkologioal 
Survey  of  Egypt  from  the  raised  beach  deposits  of  the  Red  Sea,  has 
recently  been  examined  by  the  writer  at  the  request  of  Captain 
Lyons,  R.B.,  the  Director-General  of  the  Survey. 

With  the  exception  of  certain  specimens  collected  by  Dr.  Hume 
from  the  western  shore  of  the  Gulf  of  Akaba,  this  important 
collection  was  acquired  by  Mr.  Thomas  Barron,  F.O.S.,  from 
various  localities  situated  on  the  western  side  of  the  Red  Sea  and 
the  Gulf  of  Suez  during  the  survey  of  that  region  in  the  years 
1897-1898. 

The  majority  of  the  shells  belong  to  modern  species  and  are  well 
preserved,  many  of  them  retaining  their  onginal  colour-markings 
and  other  characteristic  features.  The  species  exhibit  the  true 
Red  Sea  or  Indo-Pacific  facies,  with  a  very  slight  commingling 
of  Mediterranean  forms,  a  fact  which  confirms  the  work  of  most 
previous  observers,  who  recognize  marked  differences  in  the  two 
faunas.  A  few  of  the  specimens  are  quite  unknown  in  present  seas, 
whilst  others  date  their  origin  from  Miocene  times,  but  as  all  are 
accompanied  by  undoubted  modern  species  they  must  be  admitted 
as  their  contemporaries  in  time.  Among  such  may  be  mentioned 
Alectryouia  Virletif  Chlamys  latissimaf  Chlamys  Reissif  Peclen  Vasseli, 
Lithophaga  AvitensiSy  Cassis  lavigaia,  etc.  This  association  of 
modern  and  extinct  forms  has  already  been  observed  by  Professor 
JMayer  -  Eymar,  Dr.  Theodore  Fiichs,  and  others  in  deposits  of 
similar  age  near  Cairo  (Wadi  Mellaha,  etc.)  and  to  the  north  of 
Suez  (Bitter  Lakes,  etc.). 

The  marine  portion  of  the  terrace  beds  surrounding  the  Bitter 
Lakes  resembles  the  raised  beaches  of  the  Red  Sea  in  possessing 
a  fauna  of  Indo  -  Pacific  character,  whereas  the  Cairo  deposits 
contain  an  assemblage  of  species  bearing  a  large  percentage  of 
Mediterranean  or  Atlantic  forms :  facts  which  indicate  that  in 
former  times  the  Mediterranean  extended  further  southwards  and 
the  Red  Sea  further  northwards  than  now  obtains. 

In  dealing  with  the  age  of  these  deposits  it  seems  apparent  that 
they  should  be  regarded  as  Pleistocene  on  account  of  the  large 
number  of  recent  species  they  contain,  and  the  comparative  scarcity 
of  extinct  forms.  This  is  in  agreement  with  the  views  of  most 
authors,  who,  although  under  different  designations,  acknowledge 
the  same  horizon,  as,  for  instance,  **  Sabarian  "  of  Mayer-Eymar; 
"  Recente  Ablagerungen  (Pseudo-Sarmatischcn  Ablagerungen)  "  of 
Fuchs  ;  and  "Jiingere  Meeresbildnngen  "  of  Fraas.  It  should  be 
mentioned,  however,  that  Fraas  only  uses  his  term  in  connection 

^  These  plates  wv\\  a^\^c;x  \N\Wi"^?kt^"ll  viv  tUe  December  numbi-r. 
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with  the  Bed  Sea  heaoh  deposits,  reoognizing-  the  Wadi  Mellaha  beds 
as  of  Miocene  age,  whilst  Neamayr  and  Beyrioh  both  regard  them 
as  Pliocene. 

Some  importance  may  be  attached  to  the  identification  of  Feeien 
Va$8eli,  a  species  originally  described  by  Fuchs  from  the  terrace 
formation  of  the  Bitter  Lakes,  and  which  is  doubtless  the  same 
ehell  referred  to  by  Fraas  under  the  name  of  Pecten  radula,  Tar. 
MubfossUie,  found  in  the  beach  deposits  near  Eosseir.  Examples 
of  this  species,  with  its  peculiar  dichotomizing  ribs  and  minute 
striated  sculpture,  are  represented  from  the  following  localities  in 
this  collection :  (a)  Raised  beach,  Northern  Wadi  Oueh,  Camp  6, 
240  feet  above  sea ;  (6)  raised  beach  north  of  Eosseir ;  (c)  Upper 
<3oral  terrace  (Peeten-hed)  between  Nebk  and  Sherm,  South-East 
SinaL  At  (c)  Feeten  Vaseeli  is  associated  with  Chlamya  latiseima ; 
■at  (a)  with  a  fragment  of  Chlamys  opereularis;  and  at  (5)  with 
modem  Red  Sea  forms,  Codakia  exasperata,  etc.,  and  some  extinct 
ones,  such  as  Zithophaga  LyeUanua,  In  its  typical  locality  this 
ehell  is  found  with  Oirce  pecthmta  and  other  familiar  Red  Sea  species 
(see  Fischer  post  "Literature"),  although  not  known  in  the  living 
etate. 

Among  the  more  abundant  shells  of  modem  species  in  this 
ooUection,  and  which  occur  repeatedly  at  various  localities,  are : 
Conua  nuBsatella,  Natica  melanostoma,  Stromhus  faaciatus.  Turbo 
radiatue,  Anadara  antiquata  and  radiata,  Chama  nivalis,  Circe 
pectinaia,  Codakia  exasperata^  etc. 

List  of  the  Pleistocene  Mollusca  from  the  Baised  Beach  Deposits  of  the 
Bed  Sea,  collected  by  Mr.  Thomas  Barron,  F.O.S, 

The  identification  of  the  following  species  has  been  carried 
out  after  careful  comparison  with  the  finely  arranged  series 
of  modern  shells  in  the  Zoological  Department  of  the  British 
Museum.  To  Mr.  Edgar  Smith,  the  Assistant  Keeper  of  that 
section  of  the  Museum,  the  writer  records  his  indebtedness  for 
much  help,  especially  with  regard  to  some  of  the  more  difficult 
determinations  that  have  arisen  during  the  progress  of  this  work. 
The  classification  of  the  families  is  that  adopted  at  the  British 
Mnseum,  and  originally  suggested  by  Pelseneer  in  his  "  Introduction 
h  Tetude  des  Mollusques"  (Ann.  Soa  Roy.  Malaa  Belgique,  1894, 
-vol.  xxvii,  pp.  31-24:3). 

The  following  explanation  of  bracketed  names,  etc.,  quoted  under 
-"Distribution,"  should  be  noted: — (B.M.)  =  British  Museum  (Recent 
Shell  Department) ;  (Barron)  =  a  small  collection  of  unnumbered 
specimens  from  Ras  Gharib  and  Jebel  Zeit,  sent  separately  by 
Mr.  Barron  in  August,  1898 ;  (Tryon,  Issel,  etc.)  =  authorities 
ibr  distribution  of  the  species,  vide  "  Literature  "  appended. 

Class  GASTEROPODA, 

Family  PATELLlDiE. 

Helcioniscus  variabilis,  Erauss. 

Tatella  variabilis,  Erauss :   Die  Sudairikanischen  Mollusken,  1848,  p.  35,  pi.  iii^ 
'  :.  12. 
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&BrHiBOTTON.— Nnlal  (Tryon) ;  Red  Sea  (B.M.).  Coll.  Geol 
Sarr.  lEgypt :    50  foot  beach  deposit  at  Gemsah  (Ko.  2.043,  Box 

FamUy  HALIOTID^. 

HaliotiB   omenta,  Reeve. 

SMetit  cTiuata,  EeeTe  :  CoDCboIo^n  IiHtaica,  vol.  Ui  (1S48),  pi.  tv,  Gg.  S6. 

■BEBunoN. — Gulf  of  Suez  and   New  Zealand  (B.M.).     Coll. 

0«CiL  Surv.  Egypt:    Ras  Gharih  (Barron);    raised  beach   20  fert 

-•■  -■  ■      a  at  Gharib  liglilhonse  (Xos.  2,0.58-2,098.  Box  No.  18;").         J 

B^unllj  TISSCntBimDiB. 
a^autft'  B^palU.  O.  B.  Scnrarby. 
<AwMffi,0.  B.  Sowvby:  Pne.  ZmL  See.  IakIoii.  1831,  pt.  ii.  n.  llS; 
OraotdogMd  niMtntloiM,  1S41,  pL  farAl,  fig.   g3,  nnd    pi.  lui^. 
flg.7». 

DiSTsnmoir, — Near  Soes  wid  bawh  dnxwItB  of  Red  Sea  (Issel); 
Bed  Sea  to  Oua  of  Good  Heme  (Trjroii) ;  Aden.  Red  Sea.  Manritiiu, 
Beat  Afite,  Ha^  (S.  A.  Sndfii).  OdL  QeoL  Surr.  Egypt :  Ru 
Qliarib  (Barnoi) ;  Tuaed  beaiA  20  fiMt  abon  aea  at  Gharib  ligbl- 
boiua  (Noa.  2,058-2,098,  Box  No.  ISi*) ;  beaofa  against  old  island 
mat  of  Oanp  61,  aonth  of  Oharib  u^thoaae  (Nos.  2,021-2.03(1 
Bos  Na  67;-). 
OKpilniift  BiQpaDl,  nr.  Burool.  var.  oor.     (PL  "XXU,  F^  1-1) 

The  above  Tarietal  deaignation  ia  applied  to  a  amnlnr  of  fDma 
wbioh  are  nearlj  oircnlar  in  outline,  beaidea  being  more  oosioal 
and  elevated  than  the  typical  specieB.  Soalpture  oharaotera, 
however,  are  ideDtioal ;  tbs  DumerouB  raised  beaded  ribs  and  ribleta 
exhibiting  the  ueoal  beautiful  etruoture  of  this  shell.  The  oblong 
perforation  is  also  noimal,  and  shows  a  slight  enlargement  at  the 
posterior  end.  The  basal  margin  is  denticulated  and  laterally 
excavated.  Size  variable.  Dimensions  of  largest  specimen  :  heif^t, 
15mm.;  length  and  width,  18mm. 

This  variety  is  represented  by  about  a  dozen  raecimena  whjcb 
were  found  assooiated  with  the  true  C.  Suppdli.  It  is  to  be  aeen 
in  an  unnamed  condition  in  the  Recent  shell  section  of  the  British 
Mnseum,  labelled  aa  from  the  Bed  Sea,  although  the  speoimena  have 
all  the  appearance  of  coming  from  the  beach  deposits  of  that  ana. 
Probably  the  fonn  is  extinct 

DiiTBiBunoir. — Coll.  Qeol.  Surv.  Egypt :  Ras  Oharib  (Banon) ; 
raised  beach  20  feet  above  sea  at  Gharib  lighthouae  (Nos.  2,0&&- 
2,098,  Box  No.  18/). 

Emai^finula  indsnra,  A.  Adams. 
Smargitmla  JtMJnira,  A.  Adami:  Proc.  Zool.  Sac.  London,  18BI,  p.  84. 

DiaTBiBDTiON. — Apparently  unknown.  Coll.  Geol.  Surv.  Egypt : 
Ras  Gharib  (Barron)  ;  raised  beaoh  20  feet  above  sea  at  Gharib 
ligbthouee  (Noa.  2,053-2,098,  Box  Xa  18;'). 

Hitirii  ft  Bnrroin,Y   -  -    ■   -' 
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ScQtom  unguis,  LinnsBus. 

FuUlla  unpuU,  LimuBOS :  Systema  Natara,  10th  ed.  (1758),  p.  783  (-Farmapharu$ 
grawulatuit  Blainyille,  vide  Issel). 

Distribution. —  Bed  Sea  to  Cape  of  Qood  Hope,  Australia, 
Philippines,  eta  (Tryon) ;  Gulf  of  Suez,  south  of  B6union,  and 
Bed  Sea  deposits  (Issel).  Coll.  G^l.  Surv.  Egypt :  Bas  Qharib 
(Barron);  raised  beaoh  20  feet  above  sea  at  Qharib  lighthouse 
(No8.  2,098-2,105,  Box  No.  20;). 

Family  TBOCHID-ffi. 

Trochui  (Cardinalia)  virgatus,  Qmelin. 

TroehH$  virgahu,  Gmelin:  Sysiema  NatoriB,  13th  ed.  (1790),  p.  3,680. 
Distribution. — Beaoh  deposits  on  western  borders  of  Bed  Sea 
(Gray  &  Frembley) ;  Bed  Sea  and  Indian  Ooean  (Tryon).    Coll. 
Geol.  Surv.  Egypt :  Bas  Gharib  (Barron) ;   raised  beaoh  20  feet 
above  sea  at  Gharib  lighthouse  (Nos.  2,058-2,098,  Box  No.  18;). 

Trochus  (Infondibolops)  erythrseus,  Brooohi. 

TrochuB  grythraui,  Brooehi:  Catalog,  una  ser.  Gonchiglie  Airicana,  etc.,  1819-1823 
(/*  Tryon). 

Distribution. — ^Beach  deposits  of  Bed  Sea  and  in  the  Gulfs  of 
Akaba  and  Suez  (Issel) ;  Bed  Sea  (Tryon) ;  Aden,  Bed  Sea,  Gulf  of 
Suez  (E.  A.  Smith).    Coll.  GeoL  Surv.  Egypt:  Jebel  Zeit  (Barron). 

Trochus  (Lamprostoma)  maculatus,  Linnseus. 

Troehm  maeulatm,  Linnseus :  Systema  Natune,  10th  ed.  (1758),  p.  756. 
Distbibution. — Beach  deposits  of  the  Bed  Sea  (Gray  &  Frembley 
and  Issel) ;  recent  forms  from  the  Bed  Sea  (Issel) ;  Indian  Ooean 
to  the  Philippines  (Tryon).  Coll.  Geol.  Surv.  Egypt:  Jebel  Zeit 
(Barron) ;  raised  beach  80  feet  above  sea  at  Camp  6,  north  of  Wadi 
Gaeh,  west  of  Eosseir  (Nos.  1,649  and  1,650,  Box  No.  78;). 

Clanculus  Pharaonius,  Linnaaus.     (PI.  XX,  Figs.  4,  5.) 

Troehm  Pharaonitts,  Liniueus :  Systema  Naturae,  10th  ed.  (1758),  p.  757. 
Distbibution. — Beach  deposits  of  the  western  borders  of  Bed  Sea 
(Gray  &  Frembley) ;  Bed  Sea,  Gulfs  of  Akaba  and  Suez  (Issel) ; 
Bed  Sea  (Tryon) ;  Bed  Sea,  Aden,  Gulfs  of  Suez  and  Akaba  (E.  A. 
Smith).  Coll.  Geol.  Surv.  Egypt:  Bas  Gharib  and  Jebel  Zeit 
(Barron). 

Priotrochus  obscurus,  Wood. 

Trochui  obscurus f  W.  Wood :  Index  Testaceologicus,  1828,  Suppl.  pi.  t,  fig.  26. 

Distribution. — Indian  Ocean  (Fischer)  ;  South  Africa  (B.M.). 
Coll.  Geol.  Surv.  Egypt:  raised  beach  east  of  Jebel  Esh  (Nos. 
2,172-2,190,  Box  No.  64;). 

Family  TUBBINID-^. 
Turbo  radiatus,  Gmelin.     (PI.  XX,  Fig.  1.) 

Tttrbo  radiatits,  Gmelin:  Systema  Natunc,  IStli  ed.  (1790),  vol.  i,  pt.  6,  p.  3,594 
(ssChemnitsiamts,  Reeve). 

Distbibution. — Bed  Sea,  Madagascar,  and  Philippines  (Tryon) ; 
Bed  Sea,  Persian  Gulf,  and  Madagascar  (E.  A.  Smith).  Coll.  Geol. 
Surv.  Egypt :  Bas  Gharib  (Barron) ;  raised  beach  80  feet  above  sea 
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at  Camp  6,  north  of  Wadi  Gueli,  west  of  Koaseir  (Nob,  1,655-1,657, 
Box  No.  81j) ;  beach  east  of  Gliarib  (Noa.  2,227-2,264,  Box  So. 
17j)  ;  raised  beach  20  feet  above  sea  at  Gbarib  ligbthouae  (Not. 
2.058-2,098,  Box  No.  18j;  Nos.  2,090-3,105,  Box  No.  20j); 
raised  beach.  Camp  6,  Wadi  Gueh  (No.  1,594,  Box  No.  28t ;  So. 
1,587,  Box  No.  49t;  Noa.  1,559  ami  1,561,  Box  No.  60i  ;  Nos. 
1,574,  etc..  Box  No.  62ft). 

Family  NERinDiE. 
Herita  albicills,  Linnteas. 

Nmta  albieilU.  Liun«!Us ;  Sjetftna  Natiinc,  10th  ed.  (1758),  p.  778, 

Aooording  to  Tryon  this  siieoiea  incladea  taitijnlnole^ta,  Menlie; 
marmorafo,  Keeve  ;  and  craMilahnm,  E.  A.  Smith. 

DiBTBiBCTiON.  — Beaoh  deposits  of  Red  Sea  (lasel)  ;    Bed  Sea  to 

Philippines  (Tryon) ;    Aden,  Red  Sea,  Indian  and  Paoifio  Oceans 

(E.  A.  Smith).     Coll.  Geol.  Siirv.  Egypt  i   beach  eoulb  of  Gborib 

JNos.  2,227-3,254,  Box  No.  17j) ;  beach  against  old  island  west  of 

Gamp  51,  aoutb  of  Gharib  lighthouse  (Noa.  2,021-2,030,  Box  No. 

57j) ;    raised  beach  80  feet  above  sea,  Omp  6,  "Wadi  Gaeh  (Nn. 

1.669,  Box  No.  81ft;    No.    1,612,    Box  No.   58*');    raised    be«k 

Camp  6,  Wadi  Gueh  (Nos.  1,574,  e(o..  Box  No.  62t).  -m 

^  FamUy  HIPPONYCIDJE.  ^^B 

H^poayx  barluUii,  Q.  B.  Bawnbf . 

ffify<M>y«l>ir**M,  O.B.  Soweiby:  Fnw.  ZooL  Bm.  Lmiiaa,  ISU,  |k  i. 

DiSTRrBOTtoM.  —  HazatlMi,  (3«Upagoi  IsUndf,  PolynMu,  J^WB, 

Cape  of  Good  Hope  (Tryon) ;  Society  Islands  (B.H.).    CoIL  0«aL 

Sarv.  Egypt :  Has  Gharib  (Barron) ;  raised  beach  20  feet  above  sea 

at  Gharib  lighthouse  (Nos.  2,058-2,098,  Box  No.  ISj). 

Family  CYPR.^ID^. 

Cypreea  annnloB,  Linnaeus. 

CypTHa  annulut,  Linnanis  :  Syslema  Natnrs,  lOth  ed.  (ITfiS),  p.  723. 

DiBTBTBUTiON. — Gulf  of  Akabo,  Slediterranean  and  beaoh  deposits 

of  Red    Sea   (Issel)  ;    Indian    and   Pacific   Oceans,  and    foasil   in 

Southern  Europe  (Tryon) ;  Aden  (E.  A.  Smith).      Coll.  Geol.  Snrv. 

Egypt :  raised  beach,  Wadi  Gueh,  Camp  6  (No.  1,568,  Box  No.  29ft) ; 

raised  beach  east  of  Jebel  Eah  (Nos.  2,172-2190,  Box  No.  64; ). 

Cypnea  Anbioa,  Linnaeus. 

Ci/praa  Arabiea,  Lianiciu:  Sjatema  NstuisB,  10th  «d.  (17SS),  p.  7tB. 

DisTBiBUTioN. — Beaoh  deposits  of  Red  Sea  (Gray  b  Frombley, 

Issel) ;  Gulf  of  Akaba  and  Ras  Benass  (Issel) ;  Indian  and  Pacifia 

Oceans  (Tryon);   Aden  (E.  A.  Smith).     Coll.  Geol.  Surv.  Egypt: 

beaoh  east  of  Gharib  (Nos.  2,227-2,254,  Box  No.  17;). 

Cyprsa  oanrioa.  Liuneaus. 

Cgpraa  miriea,  Linnaitu :  aystenia  NaWne.  lOth  ed.  (1758).  p.  723, 

DiHTHiBUTioN. — Beacb  deposits  of  Bed  Sea  (Gray  &  Frembloy) ; 

Gulf  of  Akaba  (Issel) ;  Indian  and  Pacific  Oceana  (Tryon) ;  Aden 

(E.  A.  Smith).      Coll.  Geol.  Surv.  Egypt  :    east  of  Gharib  (Nos. 

2,227-2,264,  Box  No.  \7jV 
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Cypraa  oylindrica,  Born. 

'Cyprmti  eylindrica,  Born:    Testacea  Mus.  Cossarei  Yindoboneiuis,  1780,  pi.  Tiii, 
tig.  10. 

Distribution. — Amboina,  etc.  (B.M.) ;  Ceylon,  Australia,  New 
Oaledonia  (Tryon).  Coll.  Geo\,  Snrv.  Egypt :  raised  beach,  Camp  6, 
Wadi  Gueh  (Nos.  1,591  and  1,567,  Box  No.  301;). 

Cyprssa  erosa,  Linnaaus. 

Cypraa  eroaa,  LinnaBUs:  Systema  Naturie,  10th  ed.  (1758),  p.  723. 
Distribution.— Beach  deposits  of  Red  Sea  (Gray  &  Frembley, 
Issel) ;  Oulf  of  Akaba  (Issel) ;  Indian  and  Pacific  Oceans  (Tryon) ; 
Aden  (E.  A.  Smith).  Coll.  Oeol.  Siirv.  Egypt:  raised  beach 
80  feet  above  sea.  Camp  G,  north  of  VVadi  Oueh,  west  of  Eosseir 
(Nos.  1,649  and  1,650,  Box  No.  7Sj ;  Nos.  1,591  and  1,567,  Box 
No.  301;) ;  50  foot  beach,  Gemsah  (No.  2,038,  Box  No.  62;). 

CyprsDa  fimbriata,  Gmelin. 

<^ypraajimbriata,  Gmelin;  Systema  Natune,  13th  ed.  (1790), toI.  i,  pt.  6,  p.  8,420. 
Distribution.  —  Indian    Ocean    to    Australia    (Tryon)  ;     Aden 
(E.  A.  Smith).      Coll.  Geol.  Surv.  Egypt:   raised   beach  20  feet 
above  sea  at  Gharib  lighthouse  (Nos.  2,058-2,098,  Box  No.  18;). 

Cyprsea  Isabella,  Linnaaus. 

Ctfpraa  inabella^  Linntuus:  Systemu  Nutunc,  10th  ed.  (1768),  p.  722. 
Distribution. — Beach  deposits  and  recent  forms  in  Red  Sea 
(Issel)  ;  Indian  and  Pacific  Oceans  (Tryon) ;  Aden  (E.  A.  Smith). 
Coll.  Geol.  Surv.  Egypt :  Kas  Gharib  (Barron) ;  raised  beach  20  feet 
above  sea  at  Gharib  lightliouso  (Nos.  2.058-2,098,  Box  No.  18;) ; 
raised  beach,  Camp  6,  Wadi  Gueh  (Nos.  1,591  and  1,567,  Box 
No.  30fe). 

Cyprsea  turdns,  Lamarck. 

Cypraa  turdwi,  Lamarck:  Hint.  Nat.  Anim.  sans  Vert.,  vol.  vii  (1822),  p.  392. 

DiSTEiBUTiON. — Beach  deposits  on  the  western  borders  of  the  Red 
Sea  (Gray  &  Freiiibley) ;  Gulf  of  Akaba  and  Indian  Ocean  (Issel) ; 
Aden  (E.  A.  Smith);  Persian  Gulf  (Tryon).  Coll.  Geol.  Surv. 
Egypt:  beach  east  of  Gharib  (Nos.  2.227-2,254,  Box  No.  17;); 
raised  beach  20  feet  above  sea  at  Gharib  lighthouse  (Nos.  2,058- 
2,098,  Box  No.  ISj) ;  50  foot  beach  at  Gemsah  (Nos.  2,031-2,057, 
Box  No.  58; ). 

Cyprsea  vitellns,  Linnaaus. 

Ct/praa  viteUu»,  LinnoDus:  Systema  Naturap,  10th  ed.  (1768),  p.  721. 
Distribution. — Aden  (E.  A.  Smith)  ;    beach    deposits,   western 
shores  of  Red  Sea  (Gray  &  Frembley) ;  Indian  Ocean,  Australia, 
New  Caledonia  (Tryon).     Coll.  Geol.  Surv.  Egypt :  raised  beach, 
Camp  6,  Wadi  Gueh  (Nos.  1,574,  etc.,  Box  No.  62A;). 

Family  NATICID^. 
Natica  (Mammilla)  melanostoma,  Gmelin. 

Nerita  melmio^toma^  Gmelin  :    Svatema  Naturaj,   13th  ed.  (1790),  vol.  i,  pt.  6, 
p.  3,674. 

Distribution.  —  Beach  deposits  of  Red  Sea  (Fraas,  Gray  & 
Prembley)  ;     Red    Sea    and     Indian    Ooean    (lasel^  \    M.i\\n\\xs52^> 


HadagaBcar,   East    Indies,   Folyneaia    (Tryan)  ;     Aden,    R«d    9«a, 
ladiui  Ocean,  and  parts  of  the  Pacifio  (K.  A.  Smith).     Coll.  Geol 
Sarr.  Egypt :  Jebel  Zeit  (Barron)  ;  raised  beaoii  20  feet  above  im 
tk  Gharib   lightlioase   (Nos.   2.068-2,098,    Bon   No.   18j)  ;    recent 
baMli  Boulli  of  Gharib  lighlhouBs  (Noa.  2,:98-3,216,  Box  No.  6^) ;      I 
ffO  R»t  beach  at  Gemsah  (Nob.  2.031-2.057,  Box  No.  58;).         fff^ 
Family  GEHUTUUDiE. 
Oatiflllwa  OBralram,  0-.  B.  Sowerby. 
OrttUM  tmmlmm,   0.  B.  SowkIit:    ThMani  OiDchylioiiim,    toI.  u  (IWQ, 

'  f.8M,pL(lzxiz,flKi.  SI,  B2. 
'  DnnUBCTUM.— Red  Sea  (Inel) ;  Bed  8ea  and  Indian  OoeuL 
^rjoa)  i  Aden,  Bed  Sea,  Indun  Ooaan,  China,  Tonga  laUnda 
(B.  A.  Smldi).  OolL  OeoL  Sarr.  Egypt:  Jebel  Zeit  (Bamo); 
noa&t  beaoh  aonth  t^  Oharib  ligfaOnoaa  (Noa.  2,198-2,216,  Box 
Na  68/) ;  taiaed  beaofa,  Oamp  6,  Wadl  OmIi  (Nob.  1,559  and  1,561. 
BoxNo.  60i;  Naa.  1^^  ete^  BoxNa  62fc). 

Gaiittdim  ootoiuia,  G.  B.  Sowerby. 

Ortaium  Mtmrna,  Q.  B.  Bowartiy ;  0«Hn  g<  Oalls.  1834,  No.  42,  Sg.  7. 

DiSTBiBDTiov.  —  ICanritioa,    FlilUppinea    to    Central    Polynwin 

(T17011) ;  Aden,  Bad  Bea,  lodiaa  Oomui,  Philippines,  etc  (E.  A. 

Bmith),    OoIL  QaoL  Sarr.  Egypt:  Baa  Gharib  (Barron). 

OarttUvB  nTthrwtaraae,  Lamarck. 

OriMim  tr^Ommmm,  Lunuvk :  BiA.  Hit  Anin.  aaa  Vert.,  vol.  rii  {liXl). 
f.  TO  {  =  UAtntm,  BwTe,  ud  omumm,  Bkjla]. 
DiaraaunoK.— Deurt  of  Attaka,  Suez,  Gidf  of  Akaba,  Bad  Sm. 
Hadagaaoar  (lBeel);'Bed  Sea  (Tryon).  Coll.  GeoL  Sarv.  E^^ypt: 
Baa  Gharih  (Barron)  ;  beaoh  east  of  Gharib  (Nos.  2,227-2,254, 
Box  No.  \lj) ;  raiaed  beaoh  20  feet  aliove  sea  at  Gharib  ligfatlioiMe 
(Nob.  2,090-2,105,  Box  No.  20j)  ;  recent  beach  south  of  Gharib 
lighthouse  (No.  2,20i,  Box  No.  24;')  ;  raised  beaoh,  Camp  6,  Wsdi 
Oueh  (Nob.  1,559  and  1,561,  Box  No.  601). 

Cerithinm  Bnppelli,  Philippi. 

Cerilkinm  SuppeUi,  Philippi :  Zeibch.  Malakozoolo^B,  1S48,  p.  22. 

DiSTKiBDTiOH.— Galf  of  Suez  (Issel)  ;  Red  Sea  (Tryon)  ;  Bed  Sea, 

Aden,  SeyohelloB  (E.  A.  Smith).      Coll.  Geol.  Sarv.  Egypt:  Recent 

beach  between  Jebel   Mellaha  and  Jebel  Zeit   (Noa.  2,162-2,167, 

Box  No.  2iy) ;    50  foot  beaoh  at  Gemsah  (Noa.  2,031-2,057,  Box 

No.  58j)  ;    beaoh  againat  old   island    west  of  Camp  51,  aonth  of 

Gharih  lighthouse  (Nos.  2,021-2.030,  Box  Ko.  fi7». 

Tertagns  aspemm,  Linnsaus  (var.). 

Mum  (upir,  Linnicua :  Sjstema  Xatune,  10th  ed.  (ITSS),  p.  7GS. 

DiSTBiBDTiON. — I.  of  France  (B.M.)  ;    beaoh  deposits  of  the  Bed 

Sea  (Issel).      Coll.  Geol.  SurT.  Egypt :  raised  beaoh,  Camp  6,  Wadi 

Gueh  (Nos.  1,674,  etc..  Box  No.  62ifc). 

Vertagas  fasci&tiu,  Brngui&re. 

Ctrithiioa  fatciatwa,  Bmgoi^  :  Enc^clap.  H£tbodiqne,  IT92,  T(d.  i  (to*.],  p.  474. 

DiSTBiBDTiON. — Bed  Sea,  Gulf  of  Akaba,  Indian  Ocean,  Philip[Rnes 

(rssel,  Tryon).     CoU.  QeoV.  €i\n^.  ^^s^t-.  Jebel  Zeit  (Banoa); 
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50  foot  beach  at  OemBah  (Nos.  2,031-2,057,  Box  No.  58  ) ;  raiaeck 
beaoh  east  of  Jebel  Eeh  (Nos.  2,172-2,190,  Box  No.  64/). 

Yertag^  Kochi,  Philippi. 

Cerithmm  Koehi^  Philippi:  Zeitsch.  Malakozoologie,  1848,  p.  21. 

Distribution. — East  coast  of  Africa  (Tryon) ;  Aden,  Bed  Sea, 
Indian  Ocean,  Japan  (E.  A.  Smith).  Coll.  Oeol.  Sury.  Egypt: 
Jebel  Zeit  (Barron) ;  raised  beaoh  east  of  Jebel  Esh  (Nos.  2,172- 
2,190,  Box  No.  64y). 

Yertag^  reonrvus,  G.  B.  Sowerby. 

Otnihium  neurvitm,  G.  B.  Sowerbj:    Thesaurus  Conchyliorum,  vol.  ii  (1856)^ 
p.  854,  pi.  clxxTi,  figs.  16>18. 

Distribution.  —  Bed  Sea  (Tryon).  Coll.  Qeoh  Sarv.  Egypt:, 
beach  east  of  Oharib  (Nos.  2,227-2,254,  Box  No.  17;) ;  raised 
beach  20  feet  above  sea  at  Gharib  lighthouse  (Nos.  2,058-2098, 
Box  No.  18/) ;  50  foot  beach  at  Gemsah  (Nos.  2,031-2,057,  Box 
No.  58y) ;  raised  beach  east  of  Jebel  Esh  (Nos.  2,172-2,190,  Box 
No.  64/). 

Pirenella  mammillata,  Risso. 

Cerithium  mammiUatum,  Risso :   Hist.  Nat.  Europe  M^ridionale,  vol.  iy  (1826), 
p.  168. 

Tryon  includes  in  this  species  eonica  of  Blainville,  einerMcentia 
of  Pallas,  CailUaudi  of  Pot.  &  Mich. 

Distbibution. — Mediterranean  and  Red  Sea  (Tryon) ;  Alexandria, 
Suez,  Egypt  (B.M.).  Coll.  Geol.  Surv.  Egypt :  Recent  beach  south 
of  Gharib  lighthouse  (No.  2,217,  Box  No.  52/;  Nos.  2,198-2,216, 
Box  No.  53/) ;  beaoh  against  old  island  west  of  Camp  51,  south  of 
Gharib  lighthouse  (Nos.  2,021-2,030,  Box  No.  57/). 

Family  MODULIDiE. 
Modulus  tectum,  Gmelin. 

Trochtu  tectum,  Gmelin:  Systema  Natunc,  13th  ed.  (1790),  vol.  i,  pt.  6,  p.  3,569. 

Distribution. — Red  Sea,  Mauritius,  Indian  Ocean,  Sandwich  and 
Viti  Islands  (Tryon).  Coll.  Geol.  Surv.  Egypt :  east  of  Gharib 
(Nos.  2,227-2,254,  Box  No.  17y). 

Family  VERMETID^. 

Vermetns,  sp.  indet. 

Distribution. — Coll.  Geol.  Surv.  Egypt:    raised  beach  20  feet, 
above  sea  at  Gharib  lighthouse  (Nos.  2,068-2,098,  Box  No.  18/). 

Family  TURRITELLID^. 
Turritella  trisulcata,  Lamarck. 

Turritella  trisulcata,  Lamarck  :  Hist.  Nat.  Anim.  sans  Verfc.,  vol.  vii  (1822),  p.  58. 

Distbibution. — Gulf  of  Suez  and  in  the  beach  deposits  of  the 
Red  Sea  (Issel) ;  Red  Sea  (Tryon).  Coll.  Geol.  Surv.  Egypt: 
Gemsah,  50  foot  beach  (Nos.  2,031-2,057,  Box  No.  58/) ;  east  of 
Jebel  Esh  (Nos.  2,172-2,190,  Box  No.  64/). 
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Family  STEOMBID.^. 
Strombns  fMoiatus,  Boru.     (PI.  XX,  Fig.  3.) 

Sintmiiu  fnscialm.  Bom:    'Festacea  Jlus.   Ciesmi  VindobonoiMU,   i780,  p.  ITS 

DisTHiBUTioM, — Red  Sea,  Gulf  of  Akaba,  and  beaoU  dopoiiti  of 
*lie  Red  Sea  (Issel)  ;  Red  Sea  to  Philippines  (Tryon).  Coll.  GwU 
'Surv.  Egypt :  Recent  beaoh  between  Jebel  Mellaha  and  Jebel  Zeit 
(No.  2,159,  Bos  No.  10/,  and  Nos.  2,162-2,1G7,  Box  No.  31/J ;  eait 
of  Ghftrib  (Nos.  3.227-2,254,  Box  No.  17^)  ;  south  of  Gbarib  light- 
house (Nob.  2,198-2.216,  Box  No.  53/)  ;  Geinsah,  50  foot  beaiA 
(Noa.  2.031-2,057,  Bur  No.  5Sj) ;  east  of  Jebel  EaL  (Noa.  2,172- 
2,190,  Box  No.  64/)  ;  ciitn|)  nortL  of  Wadi  Gueh,  west  of  Koueir, 
80  feet  above  aea  (Nos.  1.655-1.657,  Box  No.  81/)  ;  Raa  Gharib 
and  Jebel  Zeit  (Barron)  ;  raised  beach  80  feet  above  eea,  C»mp  6, 
Wadi  Gueh  (No.  1.671.  Bor  No.  38*:)  ;  raised  beaoh,  Camp  6,  Wadi 
Gueh  (No.  1,572,  Bos  No.  u2t,  and  Nos.  1,674,  etc.  Box  No.  62it}. 

Stiombas  floridas,  Lamarok. 
AiMilMjbrUit,  lABink:  WA  StL  AatM.  MM  T«k.  toL  lit  (ISSS),  p.  111. 

DiaTBiBunox. — Beaoh  depoiitc  hmt  EoMmr  (Fxh^;   Kcmmu 
And  AlAba  Ghilf  (Inel) ;  Zanribar,  Janra,  iLostnlb  to  YUi  IdaaAi 
.    (Tryon'     "  '"      '  "      "  ~..^    -       .-.»....      -- 

-OwLS 


JUMUI,  i 

Son) ;  Bad  Sm,  ladUm  Ooeu,  PhUlp^Mi  (B.  A.  aitith).    CUt 
,  Snrr.  Egypt :  nUed  beaoh  80  fsit  above  aaa,  Oaaui  ff 
■Gtwli  (No.  1,871,  Box  No.  88A) ;  r^aed  beaoh,  Oamp  6,  Wad 


(Nob.  1,674,  etc.  Box  No.  621). 

Btrombu  fmifbrmis,  G.  B.  Sowerby. 

SlruabuifuMi/armii,  G.  B.  Sowarhy  :  Thesaanis  ConchyHoram,  vol,  i  (1847),  pl.ij, 
figa.  91,  92. 

DiBTBiBnTioN.— Gulf  of  Akaba  and  beaoh  deposits  of  tbo  Bed 
-Sea  (Isael)  ;  Aden,  Red  Sea,  Indian  Ooenn,  North  Australia  (B.  A. 
Smith).  Coll.  Geol.  Surv.  E^pt:  Gemsah.  60  foot  beaoh  (Nos. 
2,031-2.067,  Box  No.  68/) ;  Raa  Gharib  and  Jebel  Zeit  (Barron). 

Strombua  tricoroiB,  Lam&rok. 
Slrimbat  IriamU,  Lamarct :  Hiat.  Nat.  Anim,  euu  Vert.,  vol.  vii  (1822),  p.  201. 

DiSTKiBniTOH. — Red  Sea,  Koaseir,  East  Indies,  eto.  (laBel);  Bad 
Sea,  Bourbon,  Seychelles,  Philippines  (E.  A.  Smith).  Coll.  OeoL 
Snrr.  Egypt:  raised  beach  80  feet  above  sea  at  Wadi  Queh, 
Camp  6  (No.  1,607,  Box  No.  84/).  A  large  oast  in  sandstone  of 
moat  probably  this  species  from  raised  beach  north  of  Koaieir  (No. 
2,137,  Box  No.  30/) ;  another  oast  which  may  have  belonged  to  this 
species  or  to  S.  Sonetii,  Brongniart,  from  raised  beaoh  380  feet 
above  sea  near  Camp  7,  Wadi  Sbigeleh  (No.  1,613,  Box  No.  661:). 

Canarinm  dsatatom.  Linnfeus,  var.  errthrTniUD,  Chemnits. 
Slrombut  ifendKw,  l.innsna  :  Syatema  Nntllrai,  10th  ed.  (1758).  p.  7*5. 
Stromtai  erylhTytiHm,  Chemnitz  :    ConohyliBn- Cabinet,   vol.  li   (t7B6),  p.   IIS, 
pi.  cioT,  tlga.  I,a7i,  1,876. 

DiBTBiBUTiOK.— Red  Sea  to  Australia  (Tryon) ;  Bed  Sea,  Indian 
Ooean,  etc  (E.  A.  Smitli).  ColL  Geol.  Snrr.  Egypt:  east  of 
■Obarib  (Nos.  2,227-2,264,  Box  No.  17/) ;   raised  beaob  20  fM 
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above  sea  at  Oharib  lighthouse  (Nos.  2,058-2098,  Box  No.  18/) ; 
Kas  Gharib  (Barron)  ;  50  foot  beach,  Gemsah  (No.  1,626,  Bor 
No.  65i). 

Canarium  gibbernlum,  Linnasas.    (PI.  XX,  Fig.  2.) 

Strombiu  gibberuluM,  Linnseiu :  Systema  Naturse,  10th  ed.  (1768),  p.  744. 
Distribution.  —  Beach  deposits  near  Eosseir  (Fraas,  Gray  & 
Frembley)  ;  Red  Sea  (Issel) ;  Red  Sea,  Zanzibar  to  Philippines 
(Tryon)  ;  Aden,  Red  Sea,  Indian  Ocean,  etc.  (E.  A.  Smith).  Coll. 
GeoL  Snrv.  Egypt :  raised  beach  80  feet  above  sea,  Camp  6,  Wadi 
Gueh  (Nos.  1,655-1,657.  Box  No.  8iy,  and  No.  1,571,  Box  No.  38fe) ; 
raised  beach.  Camp  6,  Wadi  Gueh  (No.  1,598,  Box  No.  52k,  and 
No.  1.574,  etc.  Box  No.  62Jk) ;  Jebel  Zeit  (Barron). 

Pterocera  millepeda,  Linnssas. 

Strombua  millepeda^  Liimsiu  :  Systema  Natane,  10th  ed.  (1758),  p.  743. 
Distribution. — Red  Sea  and  Indian  Ocean  (Issel) ;  Indian  Oceaik 
to  Philippines  (Tryon).      Coll.  Geol.  Surv.  Egypt :  50  foot  beaoh  at 
Gemsah,  south  of  Jebel  Zeit  (No.  1,819,  Box  No.  5ij). 

Family  LAMPDSIID^  (=TRITONID^). 
Lampniia  pilearis,  Lamarck. 

Triton pUeare,  Lamarck:  Hist.  Nat.  Anim.  sans  Vert.,  vol.  vii  (1822),  p.  182. 

Distribution.  —  Beach  deposits  of  the  Red  Sea  (Gray  & 
Frembley,  Issel) ;  Red  Sea  to  Philippines  (Tryon)  ;  Aden,  Red  Sea, 
Indian  and  Pacific  Oceans,  etc.  (E.  A.  Smith).  Coll.  Geol.  Surv. 
Egypt :  50  foot  beach  at  Gemsah,  south  of  Jebel  Zeit  (Nos.  2,031- 
2,057,  Box  No.  58». 

Apollon  tuberculatum,  Broderip. 

Ranella  tub^reulata^  Broderip :  Proc.  Zool.  Soc.  London,  1832,  p.  179. 
Distribution. — Red  Sea,  Indian  Ocean,  etc.  (Tryon).     Coll.  Geol. 
Surv.  Egypt :  Recent  beach  between  Jebel  Mellaha  and  Jebel  Zeit 
(Nos.  2,162-2,167,  Box  No.  2iy) ;  raised  beach,  Wadi  Gueh,  Camp  6 
(No.  1,587,  Box  No.  49ik). 

Family  CASSIDID^. 
Cassis  (Casmaria)  nodulosa,  Gmelin. 

Bueeinum  nodulotum,  Gmelin :    Systema  Natura;,  13th  ed.  (1790),  vol.  1,  pt.  6^ 
p.  3,479. 

(Vars.  =  torquata.  Reeve,  vide  Tryon.) 
Distribution.  —  Red    Sea    (Issel)  ;     Port    Jackson,    Australia 
(Tryon) ;   Aden,  Red  Sea,  Mozambique,  Andaman  Islands  (E.  A. 
Smith).     Coll.  Geol.  Surv.  Egypt :   rai8e<l  beach  20  feet  above  sea 
at  Gharib  lighthouse  (Nos.  2,090-2,105,  Box  No.  20y). 

Cassis  (Semicassis)  Isevigata?  Defrance. 

Cassis  lavigata,  Defrance:  Diet.  Sci.  Nat.  (Paris),  1817,  p.  210  (=  saburon, Hbrnes, 
non  Lamarck). 

This  species  is  represented  by  casts  only,  hence  its  identification 
is  a  little  doubtful. 

DisTBiBiTTiON. — M ioccue *.  Vienna Basiu.  Pliocene:  Italian  Basin. 
Coll.  Geol.  Surv.  Egypt:   raised  beach  east  of  Jebel  Esh  (Nos. 
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2,172-2,190,  Box  No.  64/);  raised  beacb  380  feet  above  t 
Camp  7,  Wadi  Shigeloh  (No.  1,642,  Box  No.  42i). 

Pwoilf  DOLUDiC 

IMiBin  Tari^ptDa,XuMaek. 

JtOhm  wtriifmnm.  IwiAi  ffiiL  VaL  iMta.  mm  T«rt^  i«L  «  <1«M},  p.  ML 
DnRuntiMi.— Onl&ofStkHMkdAkilMflMl);  ffiiilli  JMlwIh 
Cn}an)j    (MLOwLBaiT.Bnpt:  ntaad  hmA  9  ok  8  tBtttthtm 
4n4nd  U  QMiMk  B^,  iMuJcM  Zri^  oaUaotad  lir  ])«;  Hbmi 


t  (FKiiz)  fertfa^  I 
sm:  BTri«MHatan,lM«ip}«^p.ni. 
DmiBUTKui. — ^Bewdt  d«poilU  oo  tfaa  vwteB  diMM  of  ttte  Btl 
-Sm  (Qi>y  &  I^anUn);  -Indtas  OoMn  tD  fbbuaiift  CKvob); 
Wert  Indie*,  Wart  Aftioa.  Inabn  wid  TmUo  OoMH  (k  A.  S^M). 
<]oU.Gecd.Btier.]^jpt:  beuih  aeu  Sahili^  8iiMi  (M^  4^391;  Bk 
So.  481). 

FamDy  FASGIOLAfilXDA 

Tuu  piflifOBoliM,  Lamuck 

JhMif»ftyM>Mb,I*m«w)ti  Ori.  HM.  Aafa.  mm  Tert.,  ni.  iS  (UM),  ^  lH 

IhsxuBDnov.-^Bed  Sea  (SmA};   Bartan  aeaa  (BJL);  bit 

Indie*  (Fijoa).    OdL  Q«oL  Soir.  Sgjpt:  Baa  CHiaatb  »aan); 

BwMBt  beaoh  aoath  of  Gfaarib  HgkUMoaB  (So.  S.30S,  Bos  Bo.  »>} ! 

beaoh  againet  old  iiland  weat  of  Oamp  61,  sonth  of  Oliarib  IteU- 

hoase  (Kos.  2,021-2,030,  Box  No.  67/) ;  meed  beadi  380  twt 

above  sea  near  Oamp  7,  Wadi  Shigeleh  (No.  1,642,  Box  No.  ^ifc). 

Latirui  tnnitiu,  Qmelio. 

Valuta  turrita,  Gmeliit:  Splema  Natnne,  13th  ed.  (1790),  toL  i,  pt.  6,  p.  3,156. 

DiSTBiBUTiOH. — Red  Sea,  FbilippioeB,  Australia,  Folyneaia  (Tryon). 

-Coll.  Oeol.  Surv.  Egypt:   raised  beaoh,  Camp  6,  Wadi  Gneh  (No. 

1,597,  Box  No.  65Jt). 

Family  TURBINELLID.ffi;. 

KeloBgena  (Volema)  paradifliua,  Beeve. 

Fj/ruJa  paradinaca,  Beove:  Conchologia  leonica,  toI.  it  (1847),  fig.  17  (— iyruli 

RUJMa,  Lamarcli). 

DiSTsiBUTiON. — Desert  of  Attaka  and  Bed  Sea  (Iieel) ;  Bed  Sea 

-and  Ceylon  (Tryon)  ;  Aden,  Red  Sea,  Mozambique,  Natal,  C^loa, 

Bourbon  (E.  A.  Smith).     Coll.  Ceol.  Surv.  Egypt  :   Beoeat  beadi 

between  Jebel  Mellaba  and  Jebel  Zeit  (No.  2,1S9,  Box  No.  10/); 

.60  foot  beaoh  at  Oemsab  (Noa.  2,031-2,057,  Box  No.  €8/). 

Vaanm  ooraigenuD,  Lamarck.     (PL  XX,  Fig.  12.) 

liirHntlla  tminsir;  LomaTck ;  Hiet.  Nat.  Anim.  una  Yart.,  toI.  tS  (IS32),  p.  lOK. 

SiSTBiBCTiOM. — Beaoh  deposits  near  Eosaeir  (Fraas)  ;    Bed  S« 

and  Indian  Ocean  (Issel) ;  Philippinea  (Tryon).      CoIL  QeoL  Snrv. 

Egypt ;   raised  beaoh  80  feet  above  sea.  Camp  6,  nortii  of  Wadi 

Oaeh,  west  of  Eosseir  (Nob.  1,663,  1,654,  Box  No.  80/) ;   taleed 

iieacb,  Camp  6,  Wadv  Qu«b  (,Ko.  1,696,  Box  No.  S2Jfc). 
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Family  MITRIDiE. 
Mitra  Bovei,  Eiener. 

Mitra  Bovii,  Kiener:    Species  Gdndral  Icon.  Coq.  YiyanteSy  monograph  Mitral 
p.  9y  pi.  ii,  fig.  6. 

DisTBiBunoN. — Bed  Sea  (Issel,  Tryon) ;  beaoh  deposits  of  the 

Bed  Sea  (Issel).     Coll.  Oeol.  Surv.  Egypt:  raised  beaoh  20  feet 

above  sea  at  Oharib  lighthouse  (Nos.  2,058-2,098,  Box  No.  IBj). 

Mitra  (Chrysame)  rubiginea,  A.  Adams. 

Mitra  rubiginea,  A.  AdamB :  Proc.  Zool.  Soc.  London,  1864,  p.  134. 
Distribution. — Mauritius  and  New  Caledonia   (Tryon).     Coll. 
Oeol.  Surv.  Egypt:    Beoent  beaoh  between  Jebel  Mellaha  and 
Jebel  Zeit  (Nos.  2,162-2,167,  Box  No.  21/). 

Mitra  (Chrysame)  Bnppelli,  Beeve. 

Mitra  RuppeUi,  Reere :  Conchologia  Iconica,  vol.  ii  (1844),  pi.  xxiii,  fig.  179. 

Distribution. — Beaoh  deposits  of  the)  Bed  Sea  (Issel) ;  Gulf  of 
Akaba  (Issel) ;  Bed  Sea  (Tryon).  Coll.  Geol.  Surv.  Egypt :  raised 
beaoh  20  feet  above  sea,  Oharib,  lighthouse  (Nos.  2,058-2,098,  Box. 

No.  isy). 

Family  BDCCINIDiE. 
Pisania  ignea,  Gmelin. 

BHecinum  ignmm,  Gmelin:    Systema ^Naturo),   13th  ed.    (1790),  vol.  i,  pt.   6, 
p.  3,494. 

Distribution. — Bed  Sea  to  Philippines  (Tryon).  Coll.  (}eol. 
Sury.  Egypt:  raised  beaoh  20  feet  above  sea,  Oharib  lighthouse 
(Nos.  2,058-2,098,  Box  No.  18». 

Colombella  fasciata,  O.  B.  Sowerby. 

ColumheUa  foieiata,   6.   B.   Sowerby:    Cat.  Shells  Coll.  Tankerville,   Appendix, 
1829,  p.  26. 

Distribution. — Java  (Tryon).  Coll.  Oeol.  Surv.  Egypt:  50  foot 
beaoh,  Oemsah  (Nos.  2,031-2,057,  Box  No.  58y) ;  raised  beaoh 
20  feet  above  sea  at  Oharib  lighthouse  (Nos.  2,058-2,098,  Box 
No.  18/). 

Nassa  polla,  Linnseus. 

Bueeinum  puUus,  Linnsus:  Systema  Natuno,  10th  ed.  (1758),  p.  737. 
Distribution. — Bed  Sea  (Issel) ;  Bed  Sea  to  Philippines  (Tryon) ; 
Aden,  Bed  Sea,  Java,  Philippines  (E.  A.  Smith).    Coll.  Oeol.  Surv. 
Egypt :  east  of  Oharib  (Nos.  2,227-2,254,  Box  No.  17/) ;   raised 
beaoh.  Camp  6,  Wadi  Oueh  (No.  1,587,  Box  No.  49fe). 

Nassa  (Alectryon)  glans,  Linnaeus. 

Buccinum  glans,  LinnsDUs  :  Systema  NaturaQ,  10th  ed.  (1758),  p.  737. 

Distribution. — Japan,  Philippines,  Australia  (Tryon).  Coll.  Oeol. 
.Surv.  Egypt:  Bas  Oharib  (Barron). 

Family  MUBICIDiE. 
Mnrex  temispina,  Lamarck. 

MurdK  ternispina,  Lamarck  :  Hist.  Nat.  Anim.  sans  Vert.,  vol.  vii  (1822),  p.  158. 

Distribution.  —  Bed  Sea  to  Philippines  (Issel,  Tryon) ;  Bed 
.Sea^  Indian  Ooean,  China,  Philippines,  Japan  (E.  A.  Smith).    OolL 


Geol.   Surv.  Egypt :    heaob  agninst  old    iBlarnl  west  of  Cftmp  61. 
south  of  Gharib  lighthouse  (Nob.  2,021-2,030,  Box  No.  57;'). 
Chiooreaa  angulifemg,  Lamftrok.     {Pi.  XX,  Fig.  11.) 

Jfurer  ongulifcrui,  LaniHrck  :   Hint.  Nut.  AniiB.  aana  Vert.,  to!,  vii  (1822),  p.  171. 

DiSTHiBDTiOK. — Qiilf  of  Akaba  and  beaoh  depoaitx  of  the  Bed 
Sea  (Issel);  He<l  Sea  aud  Indian  Ooean  (Tryon);  Aden,  Bed  Sea, 
Pereian  Gulf,  Indian  Oceou,  Seychelles.  Ceylon  (E.  A.  Smitht- 
Coll.  Geo!,  Surv.  Egypt :  Recent  beach  Bouth  of  Gharib  lighthouM 
(No.  2,201.  Box  No.  22y). 

Sigtrom  cancellatum.  Quo;  &  Gaimord.  , 

JThm*  tmeOM*,  0007*  QwMid:  Dnmoit  d'Cnill*'*  "TajwaPJUInU^"' 
ml.  ii  (ISM},  p.  MS,  pi.  znrli,  flgt.  16,  IS.  /        - 

DmmiBDTioK^-niQip^nw  to  Banihrlalt  Iikadr  (I^tod).  OoIL 
GmL  Sorv.  Egypt:  bewdt  eut  of  Gharib  <Nm.  %^aeC4»^  Bm 

Ho.  IT/). 

Sbtram  flUtam,  BlunvOh. 
Sfyw«  fUU,  BUnffia ;  Honr.  Aim.  Uu.  (Pizb),  -nA.  t  (»»),  ^  SOT,  |L  i], 
flg.  I. 
DiRBiBimoir.— Fhilii^M*,  eto.  (Trjon) ;  Bed  Sea,  New  HoOaBd. 
Fhilippinei  (K  A.  8mi&].  Coll.  QeoL  Borr.  Bgypt:  Bh  Ohaiib 
(BuToa) ;  beaoh  eart  of  Gharib  <Kol  2.227-226i  Box  No.  1^; 
raised  beaoh  20  feet  above  sea  at  Ohorib  lij^tlioaa«  (Ko*.  2,008- 
2,098,  Box  No.  18»  ;  reoent  beach  betweeo  Jebal  MellaW  mA 
Jebel  Ze!t  (Nofl.  2,162-2,167,  Box  No.  21/);  fiO  fbot  b«Kih, 
OemBfth  (Nob.  2,031-2,067,  Box  No.  68/). 

Family  C0EALL10PHILID.ffi. 
Kagiliu  antiqaiu,  De  Montfort 
Magiba  anliguut,  De  Montfort :  CoDchyliologie  Syet^mutiqne,  Tot.  ii  (ISIO),  p.  13. 
Pieroing  a  oorat,  Cceloria  Arabiea. 

DiSTRiBUTios.— Eed  Sea  (iBsel, Tryon).  Coll.  Geol.  Surv.  Egypt: 
Jebel  Zeit  (No.  780,  Box  No.  49/) ;  beaoh  east  of  Gharib  (No^ 
2,227-2,254,  Bos  No.  17/). 

Family  OLlVIDiE. 

Oliva  (Cannione)  Inflata,  Lamarok. 

Olita  inflata,  I.^iaiirck  :  Hist.  Nat.  Anim.  eana  Vert.,  >ol.  vii  (1822),  p.  4IB. 

DiSTBiBUTioN. — Beach  depositB  of  the  Red  Sea  (IbboI)  ;  Bed  Set, 

East  AfrioB,  Madagascar,  Seychelles   (Tryon) ;    Rod    Sea,  Peraian 

Gulf,  Madagascar,  Zanzibar,  Mauritiue,  Ceylon,  etc.  (E.  A.  Smith). 

Coll.  Geol.  Surv.  Egypt :  Recent  beach  between  Jebel  Mellaba  and 

Jebel  Zeit  (Nos.  2,162-2,167,  Box  No.  21/) ;    "hore   and   raised 

beacb,  Bas  Mohamed,  Sinai  (No.  3,630,  Box  No.  160- 

Oliva  (Ispidnla)  Ispidala,  LiangaaB. 

Valuta  iipidula,  LinnDua :  Systems  Nsturti',  lOth  ed.  (176S)>  p.  730. 

DiSTBiBUTiON. — Indian  Ocean,  Philippines  (Tryon).     Coll.  Qeol. 

Sorv.  Egypt:    raised  beach  east  of  Jebel  Esh  (No.  2,172-2,19^ 

Box  No.  Uj). 
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Andlla  oinnamomea,  Lamarok. 

Aneillaria  annamomga,  Lamarck :    Hist.  Nat.  Anim.  sans  Vert.,  vol.  rii  (1822), 
p.  413  {  =  criusa  and  al^isulcata,  G.  B.  Sowerbj,  vide  Tryon). 

DiSTBiBunoN. — Bed  Sea  (Issel) ;  Red  Sea,  Persian  Oulf,  Zanzibar 
(Tryon) ;  Aden  (E.  A.  Smith).  Coll.  Geol.  SurT.  Egypt :  raised 
beaoh  20  feet  above  sea  at  Gharib  lighthouse  (Nos.  2,090-2,105,  Box 
No.  20y). 

Andlla  (Sparella)  acominata,  G.  B.  Sowerby. 

AneiUaria  aeumifuUa,  G.  B.  Soworby:   Thesaurus  Conchylionim,  yoI.  ill  (1866), 
pi.  cczIy,  figs.  66,  67. 

DiSTftiBUTioN. — Red  Sea,  Aden,  Indian  Ocean  (E.  A.  Smith) ; 
Bed  Sea,  Zanzibar  (Tryon).  Coll.  Geol.  Surv.  Egypt:  raised 
beach.  Camp  6,  Wadi  Oueh  (Nos.  1,574,  eta,  Box  No.  Q2k). 

Family  PLEUROTOMID^. 
Plenrotoma  Oamonsi,  Reeve.    (PL  XX,  Fig.  10.) 

Pleurotoma  Oarnomif  Reeve:  Conchologia  Iconica,  vol.  i  (1843),  pi.  i,  fig.  4. 
DiSTBiBUTioN. — Red  Sea  to  Java   (Tryon).    Coll.  Geol.   Sorv, 
Egypt :  Gemsah,  50  foot  beach  (Nos.  2,031-2,057,  Box  No.  58;*). 

Family  TEREBRIDiE. 
Terebra  Babylonia,  Lamarck. 

Terebra  Babylonia,  Lamarck :  Hist.  Nat.  Auim.  sans  Vert.,  vol.  vii  (1822),  p.  287. 
DiSTBiBUTiON. — China,  Viti  Islands  (Tryon).    Coll.  Greol.  Sorv. 
Egypt :  Jebel  Zeit  (Barron). 

Terebra  canoellata,  var.  oolumellaris,  Hinds. 

Terebra  eancellafa,  Quoy  &  Gaimard:  Dumont  d'Un-iile's  "Voyage  I'AstFolabe," 

vol.  ii  (1832),  p.  471,  pi.  ixxvi,  figs.  27,  28. 
Terebra  eolumellarie,  Hinds:  Proc.  Zool.  Soc.  London,  1843,  p.  161. 

Distribution.  —  Moluccas,  Philippines,  Viti  Islands,  Sandwich 
Islands  (Tryon).     Coll.  Geol.  Surv.  Egypt :  Jebel  Zeit  (Barron). 

Terebra  oonsobrina,  Deshayes. 

Terebra  consobrina,  Deshayes :  Proc.  Zool.  Soc.  London,  1859,  p.  306. 
DiSTBiBUTiON. — Red  Sea  (Issel,  Tryon).    Coll.  Geol.  Surv.  Egypt  ; 
Beoent  beach  between  Jebel  Mellaha  and  Jebel  Zeit  (Nos.  2,162- 
2,167,  Box  No.  2iy) ;   Gemsah,  50  foot  beach  (Nos.  2,031-2,057, 
Box  No.  58y) ;  Sinai  (Box  No.  3,5160- 

Terebra  crenifera,  Deshayes. 

Terebra  eren\fera,  Deshayes:  Proc.  Zool.  Soc.  London,  1869,  p.  298  (^ dngulxfera^ 
Lamarck,  vide  Tryon). 

Distribution.  —  Philippines,  New  Ireland,  Viti  Islands,  China 
(Tryon) ;  China  Sea  (B.M.).  Coll.  Geol.  Surv.  Egypt :  50  foot 
beach  at  Gemsah  (Nos.  2,031-2057,  Box  No.  58;). 

Terebra  dupUoata,  Linnasus.     (PL  XX,  Fig.  6.) 

Bueeinum  dttplicatum,  Linnaeus  :  Systema  Natunc,  lOth  ed.  (1768),  p.  742. 
Distribution. — Beach  deposits  of  the  Red  Sea  (Gray  &  Frembley, 
Issel) ;  Gulf  of  Akaba,  Zanzibar,  China,  Madagascar,  Moluccas 
(Issel,  Tryon).  ColL  (Jeol.  Surv.  Egypt:  east  of  Gharib  (Nos. 
2,227-2,254,  Box  No.  17y) ;  Gharib  lighthouse,  20  feet  above  sea 
(Nos.  2,090-2,105,  Box  No.  20y) ;  Gemsah,  50  foot  beach  (Nos. 
2,031-2,057,  Box  No.  58y) ;  Jebel  Zeit  (Barron). 
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I  (Subnla)  maculata,  Linnreus.     (PI.  XX,  Fig.  7.) 

macuIaUia,,  Linni'm :  SysUma  Xutunc,  lOlh  ed.  (1758;,  p.  741. 
DmUBDTlON.— Gulf  of  Suez,  Gulf  of  Akaba,  Society  IslB&d*, 
MoIiWCM,   Anfetralia    (laeel,   Tryon).      OoU.    Qeol.    Surv.    Egypt: 
lD««r  oond  xeef  north  of  Ras  Maliamed  or  Ghozlandi  Bav  (No. 
8,608.  Box  No.  410- 

(A  b  mmMtt  ki  mr  mmt  JtaAr.) 

y^-Non  01  TBI  Hobhov  avo  Looauit  or  8pw>rt  Vn» 
Spwhuk  or  NAxnam  iwncufio: 
ly  e.  0.  Ornns,  F.a.B.,  of  &•  BrilUi  Mm  mm  CirrimHktari'' 
XAUTJLUB  TSUKOATUS  wu  denribed  «Dd  %«na  I* 
•^^    J.  BowaibT  in  the  "HiiMtal  Ooiidiolc«7,"  nL  D,  |h  4, 
pL  oiziii,  April,  1816,  hii  deMniptian  and  nnuAa  bobf  a 

«%M&  ^br.  Thick,  fljUM,  plain,  nnbOiiMta;  bank  &t^  mm& 
doDi^tod,  fonr-tnj^ :  liphnnu*  ooueBt  to  A*  iamr  niirg,T>  rf 
the  •Mttnin. 

"dm.    Lietor.lOU. 

"^ndc&Den  ntlier  leee  thut  half  tfw  ^Baaete;  tt»  aOm  mt 
rather  ooDinl  end  even.     Month  abom  half  the  Itiiiaiitii  at  0*  I 
dull,  Icni^  nanowaat  towarda  the  bao^  iMiaBdlo  ond. '  Saptawf 
nnnunniB,  not  Teonrred  towazdi  the  amlwuBni. 

"  A  fins  speoimeD  of  this  i^ema  ia  flgnied  hj  liilar,  mnaanifcn  ' 
ten  tnohes  in  the  longoet  diameter;  no  doabt,  whan  perieot  It  ii 
aometimes  maoh  larger :  mine  ia  eight  inohea,  I  flgai»  a  part  of  it, 
as  BufGoient ;  the  remainder  is  a  broken  oontinnotion  of  it  I  have 
never  seen  the  last  chamber.  This  is  oomposed  of  a  miztars  of 
dark  liaa  limestone  and  pyrites,  foaud  at  Keynaham,  S.K  of 
Bristol.  It  is  also  eaid  to  be  found  in  the  blue  lias  of  Bath,  etc. 
Lister  does  not  say  where  his  speoimen  was  found  ;  hia  figure  shows 
about  three  whorls,  mine  did  not  expose  them ;  possibly  when  the 
shell  is  removed  the  whorls  may  be  uncovered.  Mine  has  fragHMots 
of  the  shell  of  oonaiderable  thickness  about  it,  indicating  that  it  wm 
amooth  when  perfect." 

Sowerby's  type- specimen,  of  which  only  a  portion  waa  fignnd, 
is  now  in  the  British  Musenm  ooUootion  (register  No.  U,117a). 
2n  bis  remarks,  Sowerby  says  be  had  never  seen  the  last  chamber, 
by  which  atatement  he  must  mean  that  ho  had  not  seen  the  wicU  of 
the  last  ohamber,  for  half  of  the  nnfignred  portion  of  the  specimen 
is  an  internal  oast  of  a  portion  of  the  body-chamber,  the  rest  bmng 
oomposed  of  internal  oasts  of  the  last  four  locnli'  or  oamem.  The 
nmbilioas  was  evidently  dosed.* 

In  his  "Supplemental  Index"  (p.  261)  to  vol.  ii  of  Sowerby's 
"Mineral  Conohology,"  Farey  gives  for  this  speoiea  the  looalitiet 
"  Bath  W,  and  Keynsham." 


J „ J ,  open  nmbilinii.  and,  jn^iv 

by  the  Genre,  it  vu,  I  be\ieTB,  from  the  Calcaieoua  giit,  and  ia  MfartUe  to  STStC. 
«nwrby'»  Naiaihu  huogCFnu  IJfca,  Cim^,  iq\.  ■ti,  \VIA,  ^.  66,  fL  nxxa.  If.  If. 
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On  aoooant  of  the  horizon  and  locality  that  Sowerby  ascribed  to 
^his  ipeoimen,  the  species  has  been  usually  regarded  as  of  Lower 
Liiaastc  age,  but  the  matrix  differs  entirely  from  that  of  the 
Ammonites  from  Eeynsham  that  are  in  the  British  Museum 
<x>llection,  and  Mr.  Etheridge,  who  is  well  acquainted  with  the 
rooks  at  Eeynsham,  after  examining  the  specimen,  tells  me  that 
it  is  certainly  not  from  that  locality.  Moreover,  if  the  specimen  had 
been  found  at  Eeynsham  it  seemed  to  me  most  probable  that  there 
'would  be  examples  of  the  species  in  the  Bristol  Museum,  but 
Mr.  Bolton,  the  Curator  of  that  Museum,  having  at  my  request 
looked  over  all  the  Liassic  Cephalopoda  there,  tells  me  that  he  cannot 
find  an  example  of  NautiluB  truncatuB, 

During  an  examination  of  some  Jurassic  Nautili  in  the  British 
Museum,  Mr.  S.  S.  Buckman,  some  time  since,  suggested  to  me  that 
the  specimen  was  not  from  the  Lias,  but  possibly  from  "the 
Fullers'  Earth  in  the  neighbourhood  of  Midford,  containing 
Bhfnehonella  like  varians.^*  With  reference  to  this  suggestion 
I  can  only  state  that  there  is  no  record  of  a  Nautilus  from 
the  Fullers'  Earth  in  H.  B.  Woodward's  Memoir  on  the  Lower 
Oolitic  rocks  of  England  and  Wales  (Mem.  Oeol.  Survey),  and  so  far 
as  I  am  aware  no  example  has  yet  been  recorded  from  that  deposit 

Fortunately  there  are  remains  of  other  fossils  in  the  infilling  of 
the  body-chamber  of  the  specimen;  these  include  RhynchoneUa, 
MyaciUSy  Astarte,  Isocardia,  Oatrea,  a  Gasteropod  (probably  JStdima), 
and  a  portion  of  a  fish-tooth  which  Dr.  Smith  Woodward  has 
identified  as  Strophodus. 

The  matrix  of  the  specimen,  the  mode  of  preservation,  and  the 
associated  fossils  led  me  to  think  that  the  fossil  was  of  Combrash 
age.  I  therefore  carefully  examined  the  Cornbrash  Nautili  in  the 
British  Museum  collection.  With  one  exception  these  came  from 
a  small  pit,^  which  was  temporarily  opened  some  years  ago  in  the 
neighbourhood  of  Bedford,  where  they  occurred  with  such  charac- 
teristic Combrash  fossils  as  '  Ammonitea '  diacust  Waldheimia  ohovata, 
Nudeolites  dunicularis,  Holectypus  depressuSf  Pygurua  Michelinif  eta, 
and  on  comparison  I  found  them  to  agree  in  all  respects  so  perfectly 
with  Sowerby's  type-specimen  that  there  cannot  be  the  slightest 
doubt  as  to  the  identity  of  the  species.  The  largest  example  of  this 
species  in  the  collection  is  about  13^  inches  in  diameter. 

My  conclusions,  then,  with  regard  to  Sowerby's  type  are  (i)  that  it 
is  not  of  Liassic  age,  (ii)  that  it  did  not  come  from  Eeynsham,  and 
(iii)  that  it  came  from  the  Combrash,  but  from  what  locality  I  do 
Bot  venture  to  suggest. 

Mr.  E.  T.  Newton,  of  the  Geological  Survey,  and  Prof.  J.  F.  Blake, 
who  has  quite  recently  made  a  special  study  of  the  Cornbrash,  have 
examined  the  fossil,  and  I  am  pleased  to  be  allowed  to  state  that  both 
support  me  in  my  conclusions  as  to  the  age  of  the  specimen. 

*  This  pit  was  known  to  the  writer  as  the  '*  Midland  Bail  way  Pit "  ;  it  was  on  the 
south-western  side  of  the  town,  on  the  small  piece  of  ground  on  the  western  side  of, 
and  adjoining,  the  main  line  of  the  Midland  Railway,  and  hetween  the  Kempston 
Road  ind  the  river.  I  believe  the  stone  was  excavated  for  building  a  wall  at  thA 
noriheni  end  of  the  Ampthill  Tunnel. 
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Bbadvow,  1800. 

Addbsss  to  ths  Zoological  Saotiov.    By  Bauat  &  IkAimia^ 
U.D.,  LL.D.,  F.&S.,  Presideiit  of  the  fieotkm.  (Sligliay  AMgA} 

[Oim^iitMfiom  th$  Oekbtr  JfiMiifr,  j».  470.)^ 

/>|0MIN6  now  to  say  a  word  nfudii^p  ibe  SabsmohnyMliU.  it  li 
\J  plain  from  the  fln-spinss  foand  in  Uiq^  SQariaa  nx)to  tt^ 
am  oc  TBxy  ancient  origm,  and  that  if  we  only  knew  HMm  ftfCffd^ 
they  would  ha^e  a  wonderM  tele  of  OYolntion  to  USL  &il  Hislr 
intemil  skeleton  is  from  its  natme  not  calculated  for  |>ieeaii>atiBiii 
and  for  the  meet  part  we  only  know  those  creatures  from  seattsmi 
teeth,  fin-spines,  and  riisgreen,  spedmens  showing  eitiber  astaaii 
configuration  or  internal  structure  being  rare,  especially  in  Palmospit 
strata.  But  from  what  we  do  know,  ttiere  is  no  aoabi  HmkI  Ht 
andent  sharks  were  less  specialized  than  those  of  ttie  pieaeni  dm 
and  that  the  recent  Notiuanids  still  preserve  pecoliaritiea  wUm 
were  common  in  the  Selaohii  of  past  ages. 

K  we  ask  whether  the  fossil  sharks  throw  any  Ijghl  on  Ae 
disputed  origin  of  the  paired  limbs,  whether  from  the  spenialiaillmi 
of  rig^t  and  left  latem  folds,  or  whether  that  type  of  Umb  osIM 
'  archipteryginm '  by  Gegenbaur,  consisting  of  a  central  jointed  ads 
with  pre-  and  po8t*axial  radial  cartilage  attached,  was  Uie  originsl 
form,  I  fear  we  get  no  very  definite  answer  from  Elasmobiandi 
palsdontology.  The  paired  fins  of  the  Upper  Devonian  shark, 
Cladoadache,  as  described  by  Bashford  Dean,  Smith  Woodward,  and 
others,  seem  to  favour  the  lateral  fold  theory,  and  Cope  pointed  to 
the  right  and  left  series  of  small  intermediate  spines  which  in  some 
Lower  Devonian  Acanthodei  (Parexua  and  Climatius)  extend  between 
the  pectorals  and  ventrals  as  evidence  of  a  former  continuous  lateral 
fin.  So  also,  if  I  am  right  in  looking  on  the  lateral  flaps  of  the 
GoelolepidcB  as  fins,  the  evidence  of  these  ancient  Ostracodermi  would 
be  in  the  same  direction. 

But,  on  the  other  hand,  we  have  the  remarkable  group  of 
PlenracanthidsB,  extending  from  the  Lower  Permian  back  to  the 
Upper  Devonian,  in  which  the  paired  fins  are  represented  by  an 
'  archipteryginm  '  which  in  the  pectoral  at  least  is  biserial. 

From  this  biserial  *  archipteryginm '  in  the  Pleuraoanthids^ 
Professor  A.  Fritsoh,  ten  years  ago,'  derived  the  tribasal  arrange- 
ment of  modem  sharks,  much  according  to  the  (}egenbaurian  method, 
effecting,  however,  a  compromise  with  the  lateral  fold  theory  by 
assuming  that  the  Pleuracanth  form  originated  from  one,  consisting 
of  simple  parallel  rods,  like  that  described  in  Cladoaelache. 

*  The  reader  is  requested  to  note  the  following  errata  in  the  part  of  this  Address 
published  in  our  last  number,  namely,  at  p.  466,  line  30,  for  ** Under*'  read 
**  Unless,"  and  in  line  31  delete  the  semicolon  after  **  pectorals." 

*  "  Fauna  der  Gaskohle  und  dor  Kalksteine  der  Permformation  BohmenB,'* 
Tol.  iii,  pt.  1  (Prague,  1^90"),  '^v-  ^^-^^« 
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In  my  description  of  the  pectoral  fin  of  the  Carboniferous  Cladodus 
NeiUoni,^  I  have  shown  that  the  cartilaginous  structures  apparently 
present  an  uniserial  arohipterygium  intermediate  between  the  arrange- 
ment in  Pleuracanthus  and  that  in  the  modern  sharks,  but  I  Mi 
compelled  to  acknowledge  that  the  specimen  might  also  be  interpreted 
in  exactly  the  opposite  way,  namely,  as  an  example  of  a  transition 
from  the  '  ptychopterygium '  of  Cladoselache  to  the  Pleuracanth  and 
Dipnoan  limb.  And  so,  in  fact,  this  fin  of  Cladodus  is  claimed  in 
support  of  their  views  by  both  parties  in  the  dispute. 

When  we  add  that  Semon  emphatically  denies  that  there  is  any 
proof  for  considering  that  the  pectoral  fin  of  Cladosehiche  is  primitive 
in  its  type,'  and  that  CampMl  Brown,  in  his  recent  paper  on  the 
Mesozoic  genus  Sifhodtis,*  supports  Q^genbaur's  theory,  it  will  be 
seen  that  Elasmobranch  palsoontology  has  not  as  yet  uttered  any 
very  clear  or  decided  voice  on  the  question  as  to  whether  the 
4BO-oEJled  archipterygium  is  the  primary  form  of  paired  fin  in  the 
fish,  or  only  a  secondary  modification.  We  shall  now  inquire  if  we 
-can  obtain  any  more  light  on  the  subject  from  the  Crossopterygii 
and  Dipnoi. 

The  Crossopterygii  are  a  group  of  Teleostomous  fishes  characterized 
externally  by  their  jugular  plates  and  lobate  paired  fins,  and  repre- 
sented in  the  present  day  only  by  the  African  genera  Polypterus  and 
Culamoichihys,  which  together  form  the  peculiar  family  Polypteridsd. 
The  Crossopterygii  appear  suddenly  in  the  middle  of  the  Devonian 
period,  their  previous  ancestry  being  unknown  to  us. 

Four  families^  are  known  to  us  in  PalaBOzoic  times — the  Osteo- 
lepidsB,  Bhizodontida),  Holoptycbiidss,  and  Coelacanthidse — but  it 
is  only  with  the  first  three  that  we  have  at  present  to  deal.  The 
OsteolepidcB  and  Bhizodontidaa,  which  appear  together  in  Middle 
and  die  out  together  in  Upper  Palasozoic  times,  resemble  each  other 
very  closely.  In  both  we  have  the  paired  fins,  more  especially  the 
pectoral,  obtusely  or  subacutely  lobate ;  there  are  two  separate  dorsal 
fins,  one  anal,  and  the  caudal,  which  is  usually  heteroceroal,  though 
in  some  genera  it  is  more  or  less  diphycercal.  In  both  the  teeth  are 
conical  and  have  the  same  complex  structure,  the  dentine  being 
towards  the  base  thrown  into  vertical  labyrinthic  folds,  exactly  as 
in  the  Stegoceplialian  Labyrinthodonts,  and  this  along  with  the 
lung-like  development  of  the  double  air-bladder  in  the  recent 
Polyptendss  has  given  rise  to  the  view  that  from  these  forms  the 
Stegocephalia  have  originated.  The  nasal  openings  must  have  been 
^n  the  under  surface  of  the  snout,  as  in  the  Dipnoi. 

Of  these  two  so  closely  allied  families  we  must  conclude  that  the 
Osteolepidsd  are  the  more  primitive,  as  in  them  the  scales  are  acutely 
rhombic  and  usually  covered  with  a  thick  layer  of  ganoine,  while 

*  Trans.  Geol.  Soc.  Glasgow,  vol.  xi,  pt.  I  (1897),  pp.  41-50. 

'  **  Die  Entwickelung  der  paarigen  Flossen  des  Ceratodm  Forsteri  '* ;  Jena,  1898. 

'  **  Ueber  das  Genus  Hybodm  und  seine  systematische  Stellung*'  :  PalsBonto- 
graphica,  vol.  xln  (1900). 

^  Five^  if  we  include  the  singular  and  still  imperfectly  known  Tarrasiido)  of  the 
Lower  Carboniferous. 
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bt  Ibtt  BliiaidODU<Tfe  tliey  are  roanded,  deeply  imbricatiog,  and 
WNnully  dsToiiS  of  the  ganoioe  layer,  which,  Lowevor,  occaBionally 
SMKirt  OB  the  Mides  of  BhUodopsU  and  the  fin-raya  of  Gyroptgcliiat. 

What,  then,  of  the  Btruct.ure  of  the  paired  fins?  fortunately,  la 
th»  Bhiiodoiii  gcn«ra  Tristkhopterui  and  EutiheHopleron  tli«  intenial 
■fcibtoa  of  the  lobe  was  ossified,  and  what  we  see  clearly  exhibited 
1b  the  ptotewl  of  some  Bpedmens  is  striking  enough.  We  bavo 
•  biMl  ^MWattHked  to  the  shoulder-girdle  aud  followed  by  a  mediso 
ttil  (rf  fear  OMiolee  placed  end  to  end.  The  first  of  those  ehovn 
on  Us  pmtlTllI  margin  a  strong  projecting  proeesa,  while  to  its 
pnudu  idde,  flloee  to  its  distal  estremity,  a  small  radial  piece  it 
nbHqnely  wtionUted,  and  a  similar  one  is  joiued  also  to  the  aecoDl 
•Dd  ftiid  HgBwatB  of  the  axis.  The  arrangement  in  the  ventral  fio 
it  ■wenriilly  nmilar. 

In  hot,  we  hare  in  the  Rhizodontidra  a  short  uniaerial 
'■nhlpt^^f^m,'  and  the  question  is,  Has  this  been  formed  by  the 
■hortminc  tip_  AUd  degeneration  of  an  Driginally  elongated  and 
UmcU  on^  or  on  the  other  hand,  do  we  find  hero  a  condition  io 
which  the  itago  last  referred  to  has  not  yet  been  attained  ?  Tliis 
oOMtint  is  inieptrftble  from  the  next,  whether  the  Khizodonts  or 
Hie  Holop^oUtiu  form  the  most  advanced  type. 
'  !nie  Uolop^faUidn  resemble  the  BhizoduDtidee  extremely  oloeely 
is  their  ezteml  head-bones,  in  their  rounded,  deeply  imbricating 
■Cijae,  end  in  Ihe  form  and  anangement  of  their  median  fins.  But 
the  teeth  ihow  a  vaore  complex  and  speoialized  structure  than  those 
of  the  Bhisodontidn ;  the  nmple  Tortioel  vuonlar  tnbee  fonned  bj 
the  repeated  folding  of  the  dentine  in  that  family  being  oonneoted 
by  lateral  branohea  around  which  the  dentine  tubnles  are  grouped  in 
enoh  a  way  as  to  give  rise  in  transTerea  seotions  to  a  radiating 
arborescent  appearance;  henoe  the  term  ' dendrodont.'  In  this 
respect,  then,  the  Holoptyohiidffi  show  an  advance  on  the  Bhi»> 
dontidie — what  then  of  the  paired  fins  ?  While  the  ventral  remains 
snbaoutely  lohate,  as  in  the  previous  family,  the  pectoral  haa  now 
assumed  an  elongated  aeulelgiobale  shape,  with  the  fin-rays  arranged 
along  the  two  sides  of  a  oentral  soaly  axis  exactly  as  in  Uio  Dipnoi  i 
and  though  the  internal  skeleton  has  not  yet  been  seen,  yet,  jnaging 
by  analogy,  we  cannot  escape  the  belief  that  it  was  in  the  form  of  s 
complete  biserial  '  arcbipterygium.' 

What,  then,  is  the  oondition  of  a&irs  in  the  oldest  known 
Dipnoan  ? 

The  oldest  member  of  this  group  with  whose  oonfigniation  we 
are  acquainted  is  Diptenu,  which  likewise  appears  in  the  middle  of 
the  Devonian  period  simnltaneonsly  with  the  Oeteolepidn,  Rhito- 
dontidn,  and  Holoptyohiidte.  In  external  form  it  closely  reeembles 
a   Holoptyohian,  having   a  heterooercol   caudal   fin,  two  similarly 

E laced  dorsals,  one  anal,  and  circular  imbricating  scales,  which, 
owever,  have  the  exposed  part  covered  with  smoota  ganoine.  Bat 
now  we  have  the  ventrals  as  well  as  the  pectorals  acutely  lobate 
in  shape,  and  presumably  archipterygial  in  strnotare;  the  top  of 
(he  head  is  ooveied  Nt\&  m«n'j  «m&ll  igUteB,  there  is  no  longer 
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a  dentigerooB  maxilla,  the  skull  is  autostylio,  and  the  palatoptexygoids 
and  the  mandibular  splenial  are  like  those  of  Ceratodus  and  bear 
each  a  tooth-plate  with  radiating  ridges. 

Now,  comparing  Dipierus  with  the  reoent  Ceratodus  and  Protop' 
teruSf  the  first  conclusion  we  are  likely  to  draw  is,  that  the  older 
Dipnoan  is  a  very  specialized  form,  that  its  heterooercal  tail  and 
separate  dorsals  and  anal  are  due  to  specialization  from  the  con- 
tinnous  diphycercal  dorso-ano-caudal  arrangement  in  the  recent  forms, 
that  the  Holoptvchiidce  were  developed  from  it  by  shortening  up  of 
the  ventral  archipteiygium,  as  well  as  by  the  changes  in  cranial 
structure,  and  that  the  BhizodontidsB  and  Osteolepidso  are  a  still 
more  specialized  series  in  which  the  pectoral  curchipterygium  has 
also  shared  the  fate  of  the  ventral  in  becoming  shortened  up  and 
nniserial. 

Five  years  ago,  however,  M.  Dollo  proposed  a  new  view  to  the 
effect  that  the  process  of  evolution  had  gone  exactly  in  the  opposite 
direction;'  and  after  long  consideration  of  the  subject  I  find  it 
difficult  to  escape  from  the  conclusion  that  this  view  is  more  in 
accordance  with  the  facts  of  the  case,  though,  as  we  shall  see,  it  cJso 
has  its  own  difficulties. 

I  have  already  indicated  above  that  we  are,  on  account  of  the 
more  specialized  structure  of  the  teeth,  justified  in  considering  the 
Holoptychians,  with  their  acutely  lobate  pectorals,  a  newer  type 
than  the  Bhizodonts,  even  though  they  did  not  survive  so  long  in 
geological  time.     What,  then,  of  the  question  of  autostyly  ? 

We  do  not  know  the  suspensorium  of  Holoptychius,  but  that  of  the 
BhizodontidcB  was  certainly  hyostylio,  as  in  the  recent  Polypterus. 
Now,  as  there  can  be  no  doubt  that  the  autostylic  condition  of  skull 
is  a  specialization  on  the  hyostylio  form,  as  seen  also  in  the 
Ohimeeroids  and  in  the  Amphibia,  to  suppose  that  the  hyostylio 
Orossopterygii  were  evolved  from  the  autostylic  Dipnoi  is,  to  say  the 
least,  highly  improbable ;  in  my  own  opinion,  as  well  as  in  that  of 
M.  Dollo,  it  will  not  stand.  And  if  we  assume  a  genetic  con- 
nection between  the  two  groups  it  is  in  accordance  with  all  analogy 
to  look  on  the  Dipnoi  as  the  children  and  not  as  the  parents  of  the 
Orossopterygii. 

M.  Dollo  adopts  the  opinion  of  Messrs.  Balfour  and  Parker  that 
the  apparently  primitive  diphycercal  form  of  tail  of  the  recent  Dipnoi 
is  secondary,  and  caused  by  the  abortion  of  the  termination  of  the 
vertebral  axis  as  in  various  '  Teleostei,'  so  that  no  argument  can  be 
based  on  the  supposition  that  it  represents  the  original '  protocercal ' 
or  preheterocercal  stage.  Very  likely  that  is  so,  but  it  is  not  of  so 
much  importance  for  the  present  inquiry,  as  both  in  the  Osteolepidaa 
and  Bhizodontid»  we  find  among  otherwise  closely  allied  genera 
some  which  are  heterooercal,  others  more  or  less  diphycercal. 
JXplopterus,  for  example,  differs  from  Thursius  only  by  its  diphy- 
cercal tail,  and  in  like  manner  among  the  Bhizodontidsd  TrisH' 
ehopterus  is  heterooercal,  JSuathenopteron  is  nearly  diphycercal,  and 

1  «  Sar  la  Phylog6nie  des  Dipneustos  "  :  Bull.  Soc.  beige  geol.  pal^nt.  hydr.' 
Tol.  ix  (1896). 
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there  oaii  be  no  doubt  that  in  spite  of  this  tbeir  caudal  fins  &re 
perfectly  homologons  atruotnreB. 

But  of  Rpeoiol  interest  ia  the  question  of  the  primitive  or  dod- 
primitive  nature  of  the  oonlintiity  of  the  median  fins  iu  the  recent 
Dipnoi.  Like  others  I  mas  inclined  to  believe  it  primitire,  and  that 
the  broken-up  condition  of  these  fins  in  Diptents  was  a  subsequent 
Bpeoialization,  and  in  fact  gave  the  series  Phaneropltnron,  Stat- 
menacia,  Diplerug  inaeropleruii,  and  J).  ValencietiiKsii  as  illtutrating 
this  process  of  differentiation.  Tbis  view,  of  course,  draws  on  the 
imperfection  of  the  geological  record  in  asaoniiDg  the  existenoe  of 
ancient  pre-Dipterian  Dipnoi  with  continuous  median  fins,  which 
have  never  yet  been  diaoovereil.  But  Dollo,  using  the  very  s&ina 
series  of  forms,  showed  good  reason  for  reading  it  in  exactly  tha 
opposite  direction. 

TbB  MriM  ii  M  foDowa : — 

1.  JXpl^nu  ValMcumumt,  Sodgw.  &  Vonfa^  from  Cb»  OimiAb 

niil Hill,  mill  IT lliiilTltiiiiinii  iiilli  iiliimi  i1it[ii  mi  iiii  ■iiniiillHrf. 

bu  tiro  dMwd  flu  with  tkort  buei,  » luteoognal  wadal.  nd  OM 
•bort-bued  «naL 

8.  DifUnu  mminptena,Tnq^ttaia  *  aomewhst  Ugfacr  hotSaem  fai' 
the  OnadiaD  aeiiM.  kw  the  bwe  of  tiw  woond  duail  mtteb  mmJii, 


Uu  otW  flu  ram^ning  h  before. 

8.  In  Scamumama  atrta  (WbitMTM),  from  ths  tTMir 
of  Ouuda,  tho  flnt  donal  Lu  adnnoed  omuidenMy  toWaidl  tta' 
hsad,  and  its  base  has  now  beoome  elongated,  while  tbe  asoond  bw 
become  still  larger  and  more  extended,  thodgb  sdll  diatinot  from  fbe 
oandal  posteriorly. 

i.  In  Phaneropieuron  Andersoni,  Huxley,  from  the  Upper  Old  Red 
of  Fifeshire,  the  two  dorsal  fina  are  now  fused  with  each  other  and 
with  the  caudal,  forming  a  long  continuous  fin  along  the  doml 
maigin,  while  the  tail  has  become  nearly  diphyceroal,  with  elonga* 
tion  of  the  base  of  the  lower  division  of  the  fin.  But  the  anal  still 
remaina  separate,  narrow,  and  short-based. 

6.  In  the  Carboniferous  l7ronemrM  lobabii,  Ag.,  the  anal  ia  now 
also  absorbed  in  the  lower  division  of  the  oaudal,  forming  likewise 
on  the  hemal  aspect  a  oontinuous  median  fin  behind  the  venttali. 
There  is  also  a  last  and  feeble  remnant  of  a  tendency  to  an  upwaid 
direction  of  the  extremity  of  the  vertebral  axis. 

6.  In  the  recent  Ceratodut  Fonleri,  Krefil,  the  tail  is  diphyoeroal 
(secondary  diphyoercy),  the  median  fins  are  continuous,  the  peotonla 
and  ventrals  retain  the  biaerial  archipterygiam,  but  the  oranial  roof- 
bones  have  beoome  few. 

7.  In  Protopierua  anneeUnt,  Owen,  the  body  is  more  eel-like,  and 
the  paired  fins  have  lost  the  lanoeolate  leaf-like  appearanoe  which 
they  show  in  Ccratoiua  and  the  older  Dipnoi.     They  are  like  alender 

,  filaments  in  shape,  with  a  fringe  on  one  side  of  minute  dermal  raye ; 
internally  they  retain  the  central  jointed  axis  of  the  '  archipterygium,' 
but  aooording  to  Wiederaheim  the  radials  are  gone,  except  it  ma;  be 
one  pair  at  the  very  base  of  the  filament 

8.  finally,  in  Lepidosiren  paradoxa,  lE\t£^  tha  ij^ired  fina  an  alall 
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more  rednoed,  having  become  very  small  and  short,  with  only  the 
axis  remaining. 

From  this  point  of  view,  then,  Dipterus,  instead  of  being  the  most 
epeoialized  Dipnoan,  is  the  most  archsBic,  and  the  modem  Ceratodus, 
Protopiems,  and  Lepidosiren  are  degenerate  forms;  and  instead  of 
the  Orossopterygii  being  the  offspring  of  Dipterus-Vik»  forms,  it  is 
exactly  the  other  way,  the  Dipnoi  owing  their  origin  to  Holoptychiidse, 
which  again  are  a  specialization  on  the  Rhizodontidaa,  though  they 
did  not  survive  so  long  as  these  in  geological  time.  Consequently 
the  Ceratodus  limb,  with  its  long  median  segmented  axis  and  biserial 
arrangement  of  radials,  is  not  an  archipterygium  in  the  literal  sense 
of  the  word,  but  a  derivative  form  traceable  to  the  short  uniserial 
type  in  the  Rhizodonts.  But  from  what  form  of  fin  that  was  derived 
is  a  question  to  which  palaeontology  gives  us  no  answer,  for  the 
progenitors  of  the  Orossopterygii  are  as  yet  unknown  to  us. 

Plausible  and  attractive  as  this  theory  undoubtedly  is,  and  though 
it  relieves  the  palsdontologist  from  many  difficulties  which  force 
themselves  upon  his  mind  if  he  tries  to  abide  by  the  belief  that  the 
Dipnoan  form  of  limb  had  a  selachian  origin,  and  was  in  turn  handed 
on  by  them  to  the  Orossopterygii,  yet  it  is  not  without  its  own 
etn  mbling-blocks. 

First  as  to  the  dentition,  on  which,  however,  M.  DoUo  does  not 
seem  to  put  much  stress,  it  is  impossible  to  derive  Dipierus  directly 
from  the  HoloptychiidsB,  unless  it  suddenly  acquired,  as  so  many  of 
us  have  to  do  as  we  grow  older,  a  new  set  of  teeth.  The  dendrodont 
dentition  of  Holoptychius  could  not  in  any  way  be  transformed  into 
the  ctenodont  or  ceratodont  one  of  Dipierus :  both  are  highly 
specialized  conditions,  but  in  different  directions.  Semon  has 
recently  shown  that  the  tooth-plates  of  the  recent  Ceratodus  arise 
from  the  concrescence  of  numerous  small  simple  conical  teeth,  at  first 
separate  from  each  other.*  Now  this  stage  in  the  embryo  of  the 
recent  form  represents  to  some  extent  the  condition  in  the 
UronemidsB  of  the  Carboniferous  and  Lower  Permian,  which  stand 
quite  in  the  middle  of  Dollo's  series. 

Again,  the  idea  of  the  origin  of  the  Dipnoi  from  the  Orossopterygii 
in  the  manner  sketched  above  cuts  off  every  thought  of  a  genetic 
connection  between  the  biserial  archipterygium  in  them  and  in  the 
PleuracanthidsB,  so  that  we  should  have  to  believe  that  this  very 
peculiar  type  of  limb  arose  independently  in  the  Selaohii  as  a 
parallel  development.  It  may  be  asked,  Why  not?  We  may  feel 
perfectly  assured  that  the  autostylio  condition  of  the  skull  in  the 
Holocephali  arose  independently  of  that  in  the  Dipnoi,  as  did  like- 
wise a  certain  amount  of  resemblance  in  their  dentition.  But  those 
who  from  embryological  grounds  oppose  any  notion  of  the  origin  of 
the  Dipnoi  from  '  Ganoids '  might  here  say,  if  they  chose.  If  so, 
why  should  not  also  the  same  form  of  limb  have  been  independently 
•evolved  in  Orossopterygii  ? 

Accordingly,  while  philosophic  palsdontology  is  much  indebted  to 
M.  Dollo  for  his  brilliant  essay,  and  though  we  must  agree  with  him 

^  '*  Die  Zahnentwickelung  des  CeratoduM  Forsteri  "  \  !«&&>  \%^^.  ^  ^x 


fk  mnty  ddnVt  *'^°^  ^  ''bcit  the  Croesopterygii  were  not  derived 
fivm  th«  I^DM,  iLnd  that  the  modern  reproeentatives  of  the  latter 
now  tn  aagwwrate  forms,  yet  as  to  the  immediaU  anceetiy  of 
nw  DIpBoi  thMSnlves,  and  the  diphyletio  origin  of  tha  so-called 
MPMptei^tigiii,  we  had  best  for  tha  present  keep  an  open  mind. 

In  Ul  "Oitilogue  of  the  Fossil  Fisbes  "  iu  the  British  Museum 
^nl.  i^  1891)  I*.  Smith  Woodward,  following  the  snggestion  of 
ntmbtftj  in  187S,  classified  the  Coooosteana  or  '  Arthrodira  '  ae  an 
MElnaiely  nwdalised  group  of  Dipnoi.  At  first  I  wa«  much  Ukeo 
Wlt^  mi  ISm,  but  after  looking  mora  closely  into  the  subject 
I  llMM  to  doubt  it  extremely.  My  own  opinion  at  present  is  that 
Ao  OooaottMnt  ate  Teleoslomi  belonging  to  the  nest  order,  Aotino- 
ptoljgU;  bat  Prafesaor  fiashford  Dean,  of  New  York,  will  not  have 
HMU  to  ba  STSD  '  hfihes,'  but  plaoes  them  in  a  distinct  class  of 

•  AxthmgiMtha,*  which  ho  places  next  to  the  Oatraoopbori  (=;03lraco- 
dttmi),  vraa  hinting  at  a  poBsible  union  with  them,  wber«by  the 
old  ■  Flaoodwmath '  of  McCoy  would  be  reetored.  It  will,  therefore, 
be  bottar  to  leave  them  out  of  consideration  for  the  present,  pending 

•  Ouaaof^  xe-entnination  of  their  Btmoturo  and  affinities. 

Ve  pome  than  to  the  great  order  of  Actinopterygii,   to  which 

•  laige  lUUnber  of  the  fisbes  of  later  Pal(cozoio  age  belong,  as  well 
MM  llw  gntt  meaa  of  those  of  Klesozoic,  Tertiary,  and  modern  tinier 
Of  theae  we  firat  take  into  consideration  the  oldest  sub-order,  namelj:. 

"  i  or  Sturgeon  tribe,  in  which  the  dermal  rays  of 


the  meaian  fini  are  more  numerouB  than  their  supporting  oasicies, 
while  the  tul  is,  in  moat,  oompletaly  hetarooeroaL  "Oia  oldaat 
family  of  Aoipenseroids  with  whioh  we  are  acquainted  is  that  of  the 
FabeonisoidfB,  whioh,  in  addition  to  well- developed  oranial  and  facial 
bones,  has  the  body  normally  covered  with  rhombic  ganoid  scales 
famished  with  peg- and- socket  articulations.  It  endures  up  to  the 
Farbeok  division  of  the  Jurassic  formation,  and  in  the  Garbontferona 
Cn/phiolepit,  the  Lower  Permian  2Vistolepu,  and  the  Jarasaio  Ooeoh 
Upia  we  find  the  same  degeneration  of  the  rhombio  scales  into  those 
of  a  oiroular  form  and  imbricating  arrangement,  whioh  we  find 
repeated  in  other  groups  of  '  Ganoids.' 

In  these  Palsozoio  times  we  notice  also  a  side  branoh  of  the 
Palnonigoidse,  constituting  the  family  Platysomidse,  in  whioh,  while 
the  median  fins  acquire  elongated  bases,  the  body  becomes  shortened 
op  and  deep  in  contour.  A  most  interesting  series  of  forma  can  be 
Bet  up,  beginning  with  Eurynolut,  which,  though  it  has  the  ple^- 
Boroid  head  contour  and  a  long-baaed  dorsal,  has  only  a  ali^t 
deepening  of  the  body,  and  still  retains  the  palsmnisoid  squamatioD 
and  a  short-based  anal  fin.  In  Me»oUpit,  whioh  resemblea  jBiiryaota* 
in  shape,  being  only  slightly  deeper,  we  have  now  the  charaoteriatic 
platysomid  squamation,  and  the  base  of  the  anal  fin  ia  oonaidarably 
elongated.  PUxltfttymui  has  a  stUI  more  elongated  anal  fin,  and  the 
body  is  rhombic ;  while  in  Chexrodui  the  body  ia  still  deeper  in 
oontonr,  with  peculiar  dorsal  and  ventral  peaks,  long  fringing  doiaai 
and  anal  fins,  while  the  ventrals  seem  to  have  disappeared  altogether. 
Here  also,  a*  in  tlie  allied  genua  CKtirodo^nt,  the  aeparate  oylindio- 
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oonioal  teeth  oharaoteristio  of  the  family  are,  on  the  palatal  and 
splenial  bones,  replaced  by  dental  plates,  reminding  us  of  those 
of  the  Dipnoi.  Certainly  the  Platysomidaa  seem  to  me  to  form 
a  morphologioal  series  telling  as  strongly  in  favour  of  Descent  as 
any  other  in  the  domain  of  pcdseontology.^ 

If  we  now  return  to  the  PalsBonisoidas  we  find  that  they  dwindled 
away  in  numbers  in  the  Jurassic  rocks,  and  finally  became  extinct 
at  the  close  of  that  epoch.  But  already  in  the  Lias  (leaving  the 
Triassic  Gatopteridsd  out  of  consideration  for  the  present)  we  find 
that  they  have  sent  off  another  offshoot  sufficiently  distinct  to  be 
reckoned  as  a  new  and  separate  family,  namely,  the  Chondrosteidaa^ 
in  which  the  path  of  degeneration,  in  all  but  the  matter  of  size^ 
seems  to  have  been  entered  on. 

In  the  genus  ChondroBteus^  though  the  palaaoniscid  type  is  clearly 
traceable  in  the  cranial  structure,  there  is  marked  degeneration  aa 
regards  the  amount  of  ossification,  and  though  the  suspensorium 
is  still  obliquely  directed  backward  the  toothless  jaws  are  com- 
paratively short,  and  the  mouth  seems  now  to  have  become  tucked 
in  under  the  snout  as  in  the  recent  sturgeon.  Then  the  scales  have 
entirely  disappeared  from  the  skin  except  on  the  upper  lobe  of  the 
heterocercal  caudal  fin,  where  they  are  still  found  arranged  exactly 
as  in  the  PalsdoniscidsB. 

Chondrosteus  in  fact  conducts  us  to  the  recent  Acipenseroids — the 
PolyodontidsB  (Paddle-fishes)  and  AcipenseridsB  (Sturgeons).  So 
the  sturgeons  and  paddle-fishes  of  the  present  day  would  seem  to  be 
the  degenerate,  though  bulky,  descendants  of  the  once  extensively 
developed  group  of  Palaeoniscidaa,  even  as  the  modern  Dipnoi  are 
degenerated  from  those  of  Palseozoic  times. 

In  the  Upper  Permian  occurs  the  genus  Acentrophorus,  whose 
fellowship  with  Semionotus,  Lepidotw,  and  all  the  rest  of  the  series 
of  Mesozoic  semi-heterocercal  'Ganoids'  is  at  once  obvious.  If 
we  look  at  the  configuration  of  a  typical  Jurassic  member  of  this 
series,  such  as  Lepidottis  or  Eugnathus,  we  shall  at  once  see  that  we 
are  a  stage  nearer  the  modem  osseous  fish.  Though  the  scales  are 
bony,  rhombic,  and  ganoid,  we  are  struck  by  the  *  Teleostean  '-like 
aspect  of  the  external  bones  and  plates  of  the  head,  the  rays  of  the 
dorsal  and  anal  fins  are  fewer  and  correspond  in  their  number  to  that 
of  the  internal  supports  or  '  inters pinous  '  bones,  while  in  the  caudal 
we  see  the  semi-heterocercal  or  abbreviate-heterocercal  condition. 

Then,  if  we  refer  to  the  tail  of  Lepidoateus  itself,  we  shall  observe 
how  few  are  its  rays  and  how  evident  it  is  that  we  have  here  to  do 
only  with  the  lower  lobe  of  the  original  palseoniscoid  caudal  fin. 
For  a  convincing  corroboration  of  this  we  have  only  to  look  at  the 
tail  of  the  embryo  Lepidosteus  as  described  and  figured  by  Professor 
A.  Agassiz  to  see  that  it  in  reality  passed  through  an  Acipenseroid 
stage,  and  the  last  we  see  of  the  upper  lobe  of  this  tail  is  in  the 
form  of  a  filament  which  projects  from  the  top  of  the  original  lower 
lobe  and  then  disappears. 

^  R.  H.  Traqnair,  **  Structure  and  Affinities  of  the  PlatysomidiB  "  :  Trans.  Boy. 
Soc.  £din.,  vol.  xxix  (1879),  pp.  343-391. 
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Again,  in  these  LepiJ^steiJ  forms  we  have  a  repetition  oftbe  same 
tenileiicy  for  tlie  thick  rhombic,  peg- anil -socket  artioalating  Bcales  ta 
become  rouaded  and  imbricating,  as  we  saw  in  the  Crossopterygii 
and  again  in  the  Paliconiscidjc.  To  eucb  an  extent  doea  this  go  that 
ia  the  recent  Amia,  whose  skeletal  stnicture  so  clearly  shows  it  to 
belong  to  this  group,  the  rounded  scales  are  so  thin  an<1  flexible  that 
after  it  was  retnoved  from  the  Clupeoid  family,  or  Herrings,  and 
plaoed  among  the  '  Ganoids,"  it  was  Gonsidered  to  be  the  type  of 
a  distinct  sub-order  of  '  Amioidei,' 

As  the  Acipeneoroida  dwindled  away  after  the  close  nf  the  great 
Palffiozoio  era,  and  are  now  scantily  represented  only  by  thn 
degenerate  paddle-fishes  and  sturgeons,  so  the  Lepidoeteid  series. 
flaarishiDg  greatly  in  the  Trias  and  Jura,  in  their  turn  declined  in 
the  CretaoeoUB,  and  in  the  Tertiary  period  became  about  as  ranch 
a  thing  of  the  past  as  they  are  now,  the  North  American  Lepidotteni 
and  Aittia,  of  which  remains  of  extinct  species  have  also  b«en  fonnd 
in  Eocene  and  Miocene  rocks,  only  remaining.  These  two  genera, 
ean,  however,  hardly  be  called  'degenerate,' 

But  that  the  fishes  which  succeeded  the  Lepidosteids  in  populating 
the  seaa  and  rivers  of  the  globe  were  evolved  from  them  there  can 
be  no  reasonable  doubt,  while  it  is  equally  clear  that  they  branched 
off  at  an  early  period,  as  already  in  the  Triaa  we  find  the  first 
repreaentaUvos  of  the  order  of  Isospondyli,  which  containa  onr 
familiar  Herrings,  Salmonids,  Elopjds,  SoopolidB,  etc.  For  Dr.  Smith 
Woodward  has  not  only  definite!;  placed  tih«  Joraaaio  Leptobnite 
and  Oligopleniidte  in  the  Isoapondyli,  bat  also  th«  Pholidcmboridi^ 
which  appear  in  the  Triaa  and  extend  to  the  Pnrbeok.  And  it  ia  of 
epeoial  intereat  that  in  the  Pholidophori  the  soalea  are  still  brilliantly 
ganoid,  and  mostly  retain  the  peg- and- socket  articulation,  whilo  in  the 
allied  Leptolepidee,  although  they  have  beoome  thin  and  curcnlar, 
a  layer  of  gauoine  mostly  remains. 

With  the  Isospondyli  we  now  get  fairly  among  the  bony  fishes 
of  modem  type — Teleostei  as  we  used  to  call  them — to  whioh  odier 
flub-ordera  are  added  in  Cretaceous  and  Tertiary  times,  and  whidi 
in  the  present  day  have  assumed  an  overwhelming  nuroenoal  pre- 
ponderanoe  over  all  other  fishes.  The  prevalent  form  of  aoala 
among  these  ia  thin,  rounded,  deeply  imbricating,  and  with  ths 
posterior  margin  either  plain  (cycloid)  or  serrated  (otenoid).  But 
that  these  '  cycloid  '  and  '  ctenoid  '  soalea  are  modifications  from  the 
rhombic  oflaeous  'ganoid'  type  we  cannot  doubt  after  what  we  have 
seen.  It  is  indeed  strange  that  the  same  tendsnoy  to  tho  ohangtt 
of  rhombic  into  circular  overlapping  soales  should  have  oocnmd 
independently  in  more  than  one  group. 

Incompletely  as  I  have  treated  the  snbjeot,  it  oannot  bat  be 
acknowledged  that  the  palaeontology  of  fishes  is  not  leu  empbatio 
in  the  support  of  Descent  than  that  of  any  other  division  of  the 
animal  kingdom.  The  modem  type  of  bony  fiah,  though  not  so 
'high'  in  many  anatomical  points  as  that  of  the  Selacbii,  Cros- 
eopterygii.  Dipnoi,  Acipeneeroidei,  and  Lepidosteoidei  of  the 
Paleeozoio  and  l&eeozolQ  eiaa,  \a  ttvoift  s^wialized  in  the  direotion 
ot  the  fish  proper. 
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K  Treatise  on  Zooloot.  Edited  by  E.  Bat  Lamkestxr. 
Pabt  III:  The  Pobifeba  and  CkELENTERATA.  By  E.  A. 
MiNOHiN,  M.A.,  G.  Herbert  Fowler,  B.A.,  Ph.D.,  and 
Gilbert  G.  Bourne,  M.A.,  with  an  Introduction  by  E.  Bat 
Lankesteb.  pp.  vi  and  368,  with  227  figures  in  the  text. 
(London :  Adam  &  Charles  Black,  1900.) 

POFESSOB  LANEESTEB  is  to  be  congratulated  on  the  speedy 
appearance  of  another  part  of  his  ''  Treatise  on  Zoology,"  and 
it  is  to  be  devoutly  hoped  that  the  remaining  eight  parts  will 
appear  with  even  greater  rapidity  if  the  work  is  to  be  completed 
before  the  first  volumes  are  out  of  date. 

The  present  part  is  of  special  interest  to  students  of  comparative 
morphology,  since  it  contains  a  chapter  by  the  editor  on  the  much 
vexed  subject  of  the  coelom.  Speculations  concerning  the  origin 
and  homologies  of  the  variously  developed  body-cavities  found 
among  the  Metazoa  have  so  long  been  associated  with  Professor 
Lankester's  name  that  an  article  giving  his  latest  views  on  this 
lobject  will  command  careful  attention  from  all,  even  although 
some  may  be  of  the  opinion  that  the  present  state  of  our  knowledge 
oonceming  these  cavities  is  not  sufficient  to  justify  all  his  oon- 
elusions.  As  an  argument  against  the  too  previous  introduction 
of  the  codlom  as  a  feature  of  classificatory  value,  we  may  compare 
the  use  made  of  it  in  the  present  work  with  that  adopted  by 
Sedgwick  in  his  recent  textbook :  the  latter  authority  would  exclude 
the  Platyhelmia,  the  Nematoidea,  the  Nemeiiina,  and  the  Botifera 
Prom  his  Coelomata,  whereas  Lankester  includes  all  these  in  his 
^rade  Coelomocoela,  a  term  which  he  proposes  to  substitute  for  the 
well-known  Coelomata. 

With  reference  to  these  new  terms,  of  which  there  are  several, 
nre  should  have  thought  that  Professor  Lankester's  long  experience 
18  a  teacher  would  have  shown  him  the  futility  and  undesirability 
)f  overburdening  a  science  with  new  words,  especially  when  they 
>nly  serve  to  replace  terms  long  sanctioned  by  use,  solely  on  the 
^unds  that  his  new  words  are  more  expressive  than  the  old  ones, 
tf  we  were  once  to  commence  to  replace  all  the  old  morphological 
terms  at  present  in  use  which,  being  invented  by  our  more  fanciful 
forefathers,  are  now  found  through  our  increasing  knowledge  to  be 
leprived  of  some  of  their  meaning,  we  should  find  ourselves  lost, 
like  the  modem  systematist,  in  a  maze  of  words,  and  all  solid 
pvork  would  be  at  a  standstill.  While  we  would  deplore  the  mere 
lubstitution  of  terms  like  Coelomoccela  for  Ca3lomata  and  Enterocoela 
'or  Ckelenterata,  we  find  no  objection  to  the  invention  of  terms  to 
express  fresh  ideas,  and  it  is  possible  that  the  term  Phleboedesis, 
»  applied  to  the  origin  of  the  body-cavity  in  the  Arthropoda  and 
IfoUusca,  may  be  found  a  very  useful  one.  At  any  rate,  Professor 
jankester's  exposition  of  his  theory  of  Pblebcedesis  is  very 
nstructive. 


mt  wmifiM  will  noocnl 
fcbtdogj  we  «n  |^  t 
■tdenUe  doabt  npMi  tt 


TUi  Tolnma  b  aboot  eqmllj  ^^deA  botwaM  Am  Fatlftn  m^ 
the  Ooelentonti,  a  diviaioii  wnkh  ^^atn  lo  w  to  be  lomeirtit 
ndUr,  fto  the  oomponrate  of  &e  lettir  gnx^  diflbr  eo  MMfc  nan 
famt  one  enothn  nun  do  the  wiow  dnene  of  llie  rtriihw^  flit 
In  oar  opinioB  Hmj  ehonld  bn*  been  allotted  a  larger  space.  At 
the  Nine  tiiM  ve  dioald  not  Uke  thU  to  have  been  dooe  at  the 
opeilM  of  Puftewr  Hiudlfat'l  enicle,  which  appears  to  be  a  moit 
■dmireble  one,  and  mm  thet  will  long  Bervs  as  a  valuable  intro- 
dnotioa  to  the  atndy  of  the  Poiifetn.  This  article  contaioa  a  large 
MMNint  of  ottohul  obeomtkne  and  many  new  figures,  but  so  great 
ikVnlhmat  Hfaxihin'a  modea^  fliat  only  those  who  have  worked 
liie  the  now  matter.  In  dealing  with  the 
that  FrofessoT  Minchin  throws  ooti- 

,  ,  dal  eenae-organs  and    nerve-ooUs  oa 

deaoribed  1^  Stewart,  Sollaa,  and  vou  Lendenfeld,  and  we  oonU 
«i4j  wUl  mat  Mr.  Fowler,  !n  dealing  with  the  so-called  ganglionio 
.odb  of  dt»  laat-mentioned  obeerver  in  the  Hydroida,  had  been 
■aqoally  bold. 

'  The  great  dlffiovlty  in  thaao  oompodte  testbooks  is  to  mete  oot 
«9db1  treatment  to  the  varioaa  groopa  of  animals  dealt  with,  as 
eaoh  writer  haa  his  own  ideaa  on  the  atyle  of  article  required,  and 
we  are  afraid  that  both  the  artlolea  on  me  Hydromedusra  and  tha 
Antbosoa  mflbr  aomewfaat  fitom  a  oompariaon  with  that  on  the 
Fc^fera.  Thoae  on  the  HydcomedoBn  and  the  Soyphomednsn 
eapet^ly  appear  to  be  far  too  oondeaaed  and  ha^ly  critical 
enoogh  for  thla  ambitiDna  work ;  the  illoatntioni  of  theae  put% 
too,  are  for  the  moat  part  very  antiquated. 

Perhaps  the  part  which  appeals  most  nearly  to  the  palsontologist 
will  be  that  dealing  with  the  Anthozoa  by  Mr.  Bourne.  Hern, 
at  any  rate,  do  fault  oan  be  found  with  the  age  of  the  illnetmtiona, 
almost  all  of  whioh  appear  to  have  been  apeotally  drawn  for  the 
article.  Unfortunately,  owing  to  the  adoption  of  the  half-tone 
prooeas,  the  printing  of  these  beautiful  figures  has  not  been  always 
anooessful.  Mr.  Bourne's  article  obviously  suffers  from  delayed 
publication,  and  consequently  much  important  work  dealine  with 
the  formation  and  nature  of  the  coral -skeleton  has  to  be  briefly 
referred  to  in  an  appendix.  Mr.  Bourne  has  done  considerable 
work  on  the  relation  of  the  hard  and  soft  parti  in  the  oonls,  but 
we  cannot  help  asking  for  his  authority  in  his  lepreeentation  of 
the  epitheoa  in  fig.  28  as  a  sauoer.like  structure  aurronndiog  the 
theoa  but  separated  by  a  distinct  interval  into  which  a  hollow 
reduplication  of  the  body-wall  extends. 

The  present  volame  contains  six  chapters,  whioh,  with  the 
exception  of  ohaptera  iv  and  v,  are  separately  paginated,  and  the 
ooatuned  figures  are  separately  numbered ;  eaoh,  further,  is  pro- 
vided with  an  index :  these  indices  are  sometimes  difBcnlt  to 
find,  and  we  personally  should  have  preferred  a  oontinoons 
pagination  and  a  general  index  at  the  end  of  the  volume. 
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GEOLOGICAL  HYPOTHESIS. 

Sib, — In  the  July  nnmber  of  your  Magazine,  just  received,  there 
is  an  article  called  **  A  Word  on  Qeological  Hypothesis,"  by 
Professor  H.  Macanlay  Posnett.^  After  some  admirable  platitudes 
•on  the  subject  of  scientific  dogmatism,  he  proceeds  to  explain  why 
he  has  been  forced  to  tender  this  kindly  advice  by  the  following 
illustrations. 

"Shortly  after  the  Tarawera  eruption  of  June,  1886,  some 
professors  of  science  proceeded  to  the  Botorua  district  and  there 
held  a  Maori  meeting.  The  Maoris  were  told  that,  the  lines  of 
Tolcanic  energy  having  such  and  such  directions,  they  need 
•entertain  no  fears  of  the  recurrence  of  the  late  disaster — *  they 
might  plant  their  kumeras  in  peace/  Hereupon  an  old  Maori  chief, 
with  the  usual  sagacity  of  his  race,  rose  and  remarked,  *  If  the 
-volcano-doctors  know  so  much  about  what  is  to  be,  what  a  pity  it 
was  they  did  not  come  and  forewarn  us  of  the  eruption.'  Needless 
to  say,  the  'volcano-doctors'  had  no  reply;  and  in  our  civilized 
views  of  volcanic  forces  it  would  be  far  better  to  own  ignorance 
than  to  even  hint  a  claim  to  foresight  where  it  does  not  as  yet  exist." 

Now  as  I  am  one  of  the  '  volcano-doctors '  referred  to,  and 
Professor  Posnett  was  at  the  time  in  Auckland,  170  miles  away, 
I  suppose  I  know  more  about  what  took  place  than  he  does.  The 
following  is  a  plain  statement  of  the  facts.  Professors  Thomas  and 
Douglas-Brown,  of  the  Auckland  University  College,  and  myself 
were  commissioned  by  the  N.Z.  Government  to  report  upon  the 
eruption.  The  Maoris,  naturally,  were  in  a  great  state  of  alarm. 
Many  had  left  and  quartered  themselves  on  neighbouring  tribes; 
■and  the  remainder  wanted  to  leave,  but  had  no  land  to  go  to.  Under 
these  circumstances  the  Resident  Magistrate  at  Botorua  asked  us 
whether  we  could  help  in  dissipating  these  fears.  We  consented  to 
try.  He  called  a  meeting,  and  I,  as  senior,  was  deputed  to  make  the 
speech.  I  pointed  out  that  as  the  eruption  had  only  lasted  for  a  few 
liours  and  had  been  over  for  more  than  a  week,  it  was  not  likely  that 
it  would  recur  in  the  near  future,  as  time  must  be  allowed  for  the 
subterranean  forces  to  again  accumulate.  Even,  I  said,  if  a  second 
eruption  should  take  place  it  would  probably  not  be  a  severe  one, 
like  the  first,  for  an  opening  had  been  made  through  which  the  steam 
could  now  escape.  I  said  nothing  about  lines  of  volcanic  energy. 
The  Maoris  saw  the  common-sense  of  these  reasons;  their  fears 
<3eased,  the  runaways  returned,  and  crops  for  the  coming  season 
were  planted.  I  do  not  remember  being  asked  why  we  had  not 
forewarned  the  Maoris  of  the  eruption — it  sounds  like  a  newspaper 
jam — but  if  I  was  so  asked,  no  doubt  I  made  it  clear  to  my  audience 
that  the  two  things  were  very  diflferent ;  a  point  which  Professor 
Posnett  appears  not  to  see. 

1  Gbol.  Mao.,  1900,  pp.  298-302. 
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He  tbeii  goes  on  to  say :  "  It  is  worth  adding  that,  not  very  Ux 
from  the  Rotorua  district,  in  the  now  famouH  gold'fieldg  of  tbe 
Thames,  Rn  eminent  but  dogmatic  and  basly  geologist  many  years  ago 
prophesied  that  no  gold  conid  there  ever  be  found."  Ae  tbe  Thames 
gold-fields  were  well  eslAblisbed  fifteen  years  or  more  before 
Profexsor  Posnett  onme  lo  Auckland,  this  charge  must  rest  on  seooDd- 
or  Ihird-band  evidence ;  for,  to  Ibe  best  of  my  knowledge,  the 
prophecy  was  never  published.  Aa  I  was  liviog  in  Auckland  at  the 
time  of  the  discovery  of  the  fields  (I8G7),  I  should  certainly  have 
heard  of  it  if  any  scientific  man  had  said  publicly  that  no  gold 
vould  be  fonnd  at  the  Thames.  When  Professor  Posnett  woa  in 
Anckland  he  oould  easily  have  investigated  tbe  truth  of  club  gossip, 
and  he  should  have  done  so  before  repeating  it  as  a  well-attested 
fact  I  therefore  call  upon  him  either  to  produce  bis  evidence  or 
to  acknowledge  that  he  has  done  the  very  thing  ho  is  blaming 
geologists  for  doing,  namely,  made  dogmatic  stntementa  without 
giving  any  bint  that  they  may  not  be  true.  F.  W,  Hdtto».     s 

lit  JMgmt,  1900. 


THI  AGB  OP  THE  KAI81D  BBAOE  OF  KSUTBXMX  mTAOf. 

gn,— ICr.  lUdenwa'i  eztramdy  iotsiwdiig  not*  in  IIm  OoteW 
Komber  "  On  tlM  Ag«  of  th*  BuMd  Bouh  Ai  nan  at  Oowec  "  M«w 
to  bo  rappoTted  b;  several  bote,  whioh  I  had  obaarred  and  alroadj 
publiahed  with  lagud  to  tbe  Baised  Beach  in  Snaaex.  Ilie  aaetioB 
to  the  west  of  Brighton  exhibits,  near  the  top,  a  distinctly  festooned 
artangenient  of  the  lines  of  bedding,  which  can  be  best  explained 
on  the  anpposition  of  the  oocurrenoe  of  interbedded  ioe-masaea.' 
Another  important  point  ia  the  discovery  of  two  species  of  Oatraooda 
of  northern  habit  in  the  Sussex  Raised  Beach.'  And  further,  the 
Rubble-Drift  immediately  above  the  Raised  Beaoh  at  Aldrington 
shows  decided  evidence  of  a  continuation  of  a  rigorous  olimate,  for 
here  there  are  some  blocks  of  almost  pure  foraminiferal  sand,  very 
friable,  but  with  their  own  wavy  bedding  preserved,  whioh  leads 
one  to  conclude  that  these  fragments  were  transported  in  a  froien 
condition.^  I  may  also,  perhaps,  be  allowed  to  draw  attention  to 
tbe  excellent  sections  of  the  Raised  Beach  and  Rubble-Drift  which 
oen  now  be  visited  at  Copperas  Gap,  near  Portalade-bj-Sea,  but 
whioh  is  being  rapidly  out  away  by  the  work  of  sand  excavaticm. 
Fbedkbick  Chapmak,  A.1j.S. 


■  Transoctiana  of  the  UnioD  at  Soutli- Eastern  Scientific  Societies,  1900,  p.  M. 
<  Proc.  Oeol.  Auoc.,  toI.  xii,  pt.  6,  p,  263. 
>  Ibid.,  pp.  267,  ZSB. 
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I. — On  Htperodapedon  Qordonu 
Bj  Prof.  Rudolf  Buhckhabdt,  Ph.D.,  of  the  Umveraity  of  Basel,  Switzerland. 

{Contimted  from  the  Ifovetnber  Number ^  p,  492.) 

IN  the  foregoing  description  I  have  confined  ray  remarks  to  the  right 
side  of  the  skull.  The  observer  will  not  fail  to  notice  from  the 
figures  the  disparities  existing  in  the  two  sides.  This  asymmetry 
IB  particularly  conspicuous  ventrally,  the  region  from  which  Huxley 
principally  deduced  the  arguments  in  support  of  his  more  important 
speculations.  The  area  of  dislocation,  the  centre  of  which  apparently 
lies  in  the  crater-like  opening  of  the  left  prsBsplenial,  extends  from 
the  left  prsBmaxillary  to  the  pterygoid  in  the  skull,  and  as  far  as  the 
splenial  on  the  lower  jaw.  Its  place  of  greatest  intensity  has  been 
marked  by  a  +  on  the  figure,  where  not  only  the  surface  of  the 
bones  is  most  damaged,  but  where  the  mandible  has  been  so  much 
compressed  that  a  crest  has  actually  been  formed  below  the  row  of 
teeth  on  its  outer  wall. 

The  splenial  too  has  been  displaced ;  the  pterygoid  is  broken 
across;  a  deep  fissure  separates  the  three  inner  rows  from  the 
regularly  placed  outer  rows  of  teeth  on  the  palate-bone. 

This  dislocation  is  partly  responsible  for  the  deception  it  caused 
m  the  location  of  the  posterior  nares,  and  for  the  supposed  boundary 
of  the  palate-bone  and  the  maxillary.  Huxley  himself,  in  his  first 
paper,  inaugurates  the  description  of  the  dentition  by  stating  his 
inability  to  find  any  suture  in  the  roof  of  the  mouth,  but  he  supposed 
such  to  exist  somewhere  in  the  groove  of  the  hard  gum,  into  which 
the  lower  jaw  is  received  when  at  rest. 

In  his  second  paper  he  lays  particular  stress  on  the  fact  of  there 
being  only  a  single  row  of  teeth  tending  in  a  forward  direction  on 
either  the  palatine  or  the  maxillary.  Certainly  some  of  the  smaller 
fragments  show  no  suture  within  the  denticulated  space,  but  there  is 
one  which  runs  parallel  with  and  is  situated  laterally  to  the  outer- 
most row  of  teeth,  which  can  be  traced  without  cutting  a  cross 
section  through  it. 

This  leads  us  to  a  consideration  of  the  dentition  itself.  Lydekker 
was  the  first  to  make  known  the  existence  of  one  to  two  rows  of 
detached  teeth  on  the  posterior  margin  of  the  oral  surface  in  the 
lower  jaw  of  the  Indian  species,  next  to  the  palisade-like  tow  <il 
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teetiL  Hiud^  ooniideied  fluit  die  IncKm  speeiiiMiii  pioUUtjr  <H 
not  differ  speoifioally  ftom  the  Bnglidi  &pmimmm,  bnl  mni^ 
esusaedad  fliem  ia  point  of  (rise. 

Ab  the  two  fragmentary  apadmans  of  nndonMadly  Bdtth  firifjk 
ahow  axaotly  the  aame  arrangement  in  &»  dentittai  of  f9ha  laMr 
jaw,  I^dekkei^a  oontention  aa  to  the  qpeoifio  ^ne  of  the  ^tMrnrndbm 
of  Ida  Indian  apedmena  therafora  breaka  down. 

The  atody  of  th€f  lower  jaw  (^.^QMrodrndbnaiiMr  ia  ]^^ 
inatrooti^  in  thia  xeapeoti  aa  the  prindpaf  row  of  «i— i^jHIir  taaOi 
extenda  baokwaxd  ooiurideraUjr  farther  Oan  in  JBL  €hrdmiL 

The  dentition  of  the  palate-bonea  haa  bean  aomnatelydeaQriliailf 
Hnzley,  exoept  in  the  oaae  of  the  anterior  portim  of  the  i^hlaUk 
whioh  he  atatea  hhB  three  row%  of  wUdi  flie  middle  <»ie  ia  daonad 
away»  being  indioated  only  by  tlMompty  aocdceta of  flie  taattu  Ike 
rmlarity  in  diajbribi|tian  of  the  teeili  la  aemiewhat  indiattMxt  oa  Aa 
Im  aide  of  the  fore-part  of  the  |palate*bone,  and  it  mpeara  to  ma  la 
depart  from  the  normal  plan,  a  aroamatanoe  whidi  I  am  tndittad  la 
atmbate  to  the  local  diaplaoement  already  mentioned.  In  aina  flia 
teeth  incraaae  oonaeontiTely  from  the  frcmt  badkwarda.  Neither  from 
thia  &ci  alone,  nor  fh>m  aeotiona  made  at  a  r^t  an|^  to  diair 
Ipngitadinal  line  of  diatribntion,  ia  information  avdlable  aa  n^nda 
a  anooeasion  of  teeth.  But  judging  from  a  fragment  of  JC  ariaar,, 
oontaining  the  germa  of  the  teeth,  whioh  have  aa  yet  not  oot  fliiongh 
the  bone,  I  sbonld  infer  that  thia  doea  not  point  to  a  real  ehaage  of 
the  teeth,  but  that  it  rather  anggeats  the  mode  of  a  aoooeaaive 
anpply  of  them  from  the  rear,  which  would  continue  during  the 
whole  of  the  aniinars  lifetime. 

Now,  therefore,  that  the  purely  palatine  nature  of  the  dentition  has 
been  proved,  there  is  no  further  occasion  for  assuming  a  ohange  of 
teeth  to  apply  to  it  in  the  same  manner  as  that  in  whioh  it  is 
accomplished  in  the  maxillaries.  Whether  or  not  such  a  ohange 
of  teeth,  in  its  actual  sense,  takes  place  in  other  palatal  bones,  is 
a  matter  for  further  examination.  Whatever  its  outcome,  it  is  not 
likely  to  furnish  direct  counter-evidence  against  Hyperadapeddm, 
the  apparatus  for  prehension  in  which  is  so  markedly  different. 

The  peculiar  anatomical  structure  of  this  apparatus  implies  a 
number  of  physiological  derivations  capable  of  throwing  light  into 
the  vast  abyss  which  divides  its  dental  arrangement  from  that 
of  Sphenodon.  It  would  be  wrong  to  imagine  the  cutting  edge  of 
the  lower  jaw  to  move  backward  and  forward  in  the  masticating 
furrows  opposing  it.  This  would  be  an  utter  impossibility  on 
account  of  the  two  furrows  converging  towards  the  front.  It  is  more 
likely  that  during  the  process  of  attrition,  they  moved  obliquely 
across  the  upper  part  of  the  apparatus,  and  that  the  furrows  reoeived 
the  lower  jaws  when  at  rest,  for  which  purpose  they  seem  to  be 
provided.  This  is  probably  the  reason  too  why  the  tooth-rows 
which  flank  them  are  ground  down.  In  further  support  of  this 
view  of  a  gradual  expansion  of  the  attritive  surface  in  the  poaterior 
portion  of  the  lower  jaw,  is  the  fact  that  it  was  achieved  by  an 
increase  of  the  tootk-iow^.    kno^^x  T^^aK^xi^b^  this  expanaion  has 
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Veen  oonfined  to  this  partioular  place  is,  that  the  mandibular  teeth  are 
in  correlation  with  Uie  presence  of  a  troe  horned  beak,  which  would 
have  been  a  natural  obstacle  to  any  development  of  teeth.  In  this 
way,  and  further  too  by  the  continuous  renewal  of  teeth,  another 
useful  means  has  been  contrived  for  the  process  of  mastication. 

By  way  of  compensation,  during  the  individual  development  the 
dentulous  surface  was  so  modified  that  no  disadvantage  would  accrue 
to  the  animal  through  the  incapacity  of  the  mucous  membrane  to 
remove  the  worn-down  acrodont  teeth. 

To  look  for  a  physiological  parallel  of  this  peculiar  kind  of 
dentition  it  is  necessary  to  go  to  the  Placodontia.  Of  these  latter, 
however,  the  material  at  my  disposal  did  not  permit  of  a  detailed 
comparison,  but  it  should  be  mentioned  here  that  in  the  Plaoodonta 
the  maxillary  appears  to  me  to  bear  no  teeth,  and  to  be  divided  from 
Uie  tooth-row  by  a  suture. 

Referring  specially  to  the  tendency  to  expansion,  within  the 
dentigerous  portion  of  the  posterior  part  of  the  lower  jaw,  by  the 
introduction  of  new  elements,  I  remember  a  parallel  case,  having 
noticed  on  the  vomer-plate  of  a  species  of  Pycnodon,  which  is  in 
the  Museum  at  Basle,  that  the  otherwise  regular  quinto  -  serial 
arrangement  was  augmented  by  an  additional  tooth  in  its  widest 
posterior  part 

From  the  character  of  the  teeth  in  Eyperodapedon,  the  question 
arises  once  more  as  to  the  natural  haunts  of  the  animal.  What 
is  the  kind  of  food  required  in  the  case  of  a  placodout  animal? 
Generally  this  consists  of  Crustacea,  Molluscs,  Echinoderms,  and 
other  hard-shelled  animals.  If  we  take  into  consideration  the 
dentition  alone,  coupled  with  the  extraordinary  position  of  the  eyes, 
to  which  may  be  added  the  reduction  in  size  of  the  posterior 
extremities,  one  feels  inclined  to  attribute  to  it  a  marine  existence ; 
more  particularly  would  this  be  the  case  if  Huxley's  supposition 
as  regards  the  length  of  its  tail  were  confirmed.  On  the  other  hand, 
the  structure  of  the  manus,  in  which  no  tendency  to  a  lengthening 
of  the  phalanges  can  be  perceived,  is  in  direct  contradiction  to  this 
interpretation. 

ffyperodapedoUy  therefore,  and  probably  also  Bhynchosaurus,  will 
have  to  be  regarded  as  inhabitants  of  the  littoral.  What  other 
terrestrial  animal  is  equipped  with  a  similar  dental  structure  ?  Or 
what  else  could  have  induced  Hyperodapedon  to  frequent  the  sandy 
Triassic  shores,  from  whose  strata  up  to  the  present  no  signs  of 
petrefactions  have  been  procured,  except  fossil  reptiles.^ 

1  The  writer  desires  to  refer  to  the  remarkable  discoveries  made  prior  to  1892 
in  the  Elgin  Sandstone,  Morayshire,  which  were  described  by  Mr.  E.  T.  Newton, 
F.R.S.  (Proc.  Roy.  Soc,  Dec.  15,  1892,  vol.  lii,  pp.  389-391 ;  Phil.  Trans., 
'vol.  clxxxiv),  in  which  he  enumerates  Gordonia  Traqttairi,  O,  Htmleyiana,  G.  Dujlana, 
G.  JuddiafM,  Geikia  Efginensisj  and  Elginia  mirahilis.  Reference  was  also  made 
to  a  form  resembling  ^tosaurm  (Geol.  Mao.,  1893,  p.  557)  named  OmitkoMuehua 
Woodwardiy  and  to  Erpetoxuchua  Granti  (see  Proc.  Roy.  Soc,  Dec.  7,  1893, 
•vol.  liv,  pp.  437,  438  ;  Phil.  Trans.,  1894,  vol.  clxxxv  B,  p.  573,  pis.  liii-lvi). 
There  were  probably  also  two  species  of  Theeodmtoiaurtu  from  the  Trias  of  Bristol^ 
and  perhaps  a  third  from  Leamington. 
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I  carefully  sought  for  any  evidenoe  of  dermal  oBaiScatJon,  and 
detected  a  few  vague  signs  hero  and  there:  for  instance,  on  th» 
eighth  rib  of  the  left  side,  and  on  the  opposed  surface,  in  the  vicinity 
of  the  ends  of  the  eleventh  and  the  twelfth  ribs ;  also,  some  emalt 
plates  of  an  oval  shape  on  the  humeri.  Under  favourable  light  the 
oontoura  of  the  body,  too,  seemed  to  be  indicated,  notably  in  Ihe 
interspaces  betneen  the  ends  of  the  ribs.  Finally,  as  may  be  seen 
from  our  figure  of  the  counterpart  of  the  right  side,  a  heart-like 
projection  can  he  observed  in  the  blank  epaco  near  the  fourth  rib, 
differentiating  it  from  other  parts,  through  absence  of  matrix  in 
that  place,  from  which  a  fibre  of  the  thiokneas  of  a  finger  start*. 
tending  towards  the  neck  in  a  decided  manner,  where  it  disappears 
again  in  the  eJah.  I  suspect  it  to  have  been  a  visceral  organ, 
probably  the  stomach,  to  judge  from  its  position. 

It  may  lie  mentioned  that  there  are  two  specimens  of  Bhyneho- 
laurve  in  the  British  Museum  in  which  indications  of  the  skin  can 
also  be  traced.  Lortet  has  also  already  described  such  structures 
in  Sauranodon.  In  one  of  the  Bhynehoiawi,  viz.  the  type  from 
which  Huxley  figured  its  hind-foot  (pi.  xsvii,  fig.  5),  the  skin  is  b& 
unmistakable  that  I  have  reproduced  it  here.  -^  -  ^-.    -^^^ 


Fin.   3. — Skin  from   the  posterior  abdominal  region  of  Rhi/riehoiaurut  artidju. 

Tno-tliirds  nat,  eize.     From  the  epccimen  preserved  in  the  British  Mowod 

(Natural  HistDij). 
It  belongs  to  the  abdominal  region,  and  vividly  recalls  a  fragment 
from  the  akin  of  a  Lepidosauriao.  But  on  this  bead  I  will  not 
venture  upon  any  evidence  of  a  closer  relationship  with  either  the 
latter  or  any  of  the  Bhynchocephalians,  since  we  are  yet  quite 
ignorant  as  to  the  skin  structures  of  the  Tberomorphfe.  A  more 
intimate  knowledge  of  the  Le^idosauria  from  this  point  of  view  may 
even  necessitate  &  cheuge  of  1>\«  i^e.m«. 
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llie  seoond  speoimen,  disolosing  impreMions  of  the  8kin,  is  that 
'which  Bapplied  Huxley  with  the  type  for  tab.  xxyii,  fig.  2.  I  have 
been  able  to  detect  some  smaller  scales  on  this  near  the  remains  of 
the  caudal  vertebrsd,  but  not  so  clearly  to  be  seen  as  in  the  other 
example. 

I  cannot  conclude  my  account* of  Hyperodapedon  without  making 
a  few  remarks  on  the  systematic  position  of  the  Bhynchosaurians. 
Although  in  the  beginning  of  Huxley's  second  treatise  he  strongly 
supports  the  theory  of  an  intimate  relationship  existing  between  this 
extinct  group  and  the  living  Sphenodon,  his  conclusions,  however, 
are  that  they  have  only  the  following  characters  in  common  with 
•each  other : — 

1.  A  prsdmaxillary  rostrum. 

2.  A  longitudinal  series  of  palatine  and  maxillary  teeth,  of  which 
^be  posterior  ones  receive  between  them  the  mandibular  row, 

3.  An  abdominal  sternum. 

4.  Absence  of  procoelous  vertebrsd  in  the  prsesacral  portion. 

Of  the  foregoing  characters,  number  1  breaks  down  at  once,  being 
based  upon  a  supposed  identity  of  ongin  in  two  totally  distinct 
structures ;  and  the  second  no  less  so,  as  will  have  been  seen  in  our 
^previous  discussion.  There  remain  only  the  third  and  the  fourth 
points,  upon  which  it  would  be  futile  to  base  characters  for  the 
"establishment  of  a  closer  relationship  between  them. 

Von  Zittel,  too,  ascribes  to  the  Rhynchosaurians  affinities  with 
Sphenodon,  and  places  them  nearer  the  latter  than  to  the  remaining 
groups  of  Rhynchocephalians,  as  does  also  Smith  Woodward. 

Boulenger  unites  the  Proterosaurida)  with  the  Palseohatteridss  to 
form  his  Proterosauria.  Some  of  the  characters  which  he  assigns 
to  this  group  are  shared  also  by  the  Rhynchosaurians,  such  as  the 
"flattened  bone  composing  the  pelvis,  and  especially  the  opisthocoelous 
vertebrsB  of  the  Proterosauridad.  The  Rhynchosaurians  and  the 
<]!hampso8aurians  are  brought  under  one  heading  too,  with  the  latter 
of  which,  except  through  convergence  of  similarities,  they  have 
really  nothing  in  common.  For  the  reasons  mentioned,  then,  the 
-classification  as  proposed  cannot  be  said  to  be  wholly  satisfactory. 

Recently  Fiirbringer  brought  to  a  conclusion  his  comprehensive 
systematic  treatise  on  Reptiles,  wherein,  following  Baur,  he 
separates  Hyperodapedon  from  Rhynchosaurua,  and  places  the  family 
HyperodapedontidsB  near  that  of  Proterosauria,  and  the  Rhyncho- 
sauridds  with  the  Rhynchocephalia  vera.  I  can  only  follow  the 
views  of  these  authors  in  so  far  as  they  are  restricted  to  the  closer 
Telationship  existing  between  Hyperodapedon  and  the  Proterosauridaa, 
and  on  tu^count  of  its  being  already  connected  with  the  latter  by  the 
possession  of  opisthocoelous  vertebrsd.  Otherwise  I  consider  a 
separation  of  Hyperodapedon  from  Rhynchosaurus  entirely  erroneous, 
and  I  can  find  no  apology  for  it  on  the  part  of  these  authors,  except 
in  the  insufficiency  of  the  published  materials  on  which  they  based 
their  conclusions. 

After  what  has  been  stated  as  to  the  dentition  and  the  characters 
of  the  skull  of  Hyperodapedon^  there  ex\a\&  xio  l>\\^«t  ^woA  Vst. 


oIoBer  union  of  the  Bhyncbosauriaiia  with  Rhyncho- 
We  ought  rather  to  regard  the  former  family  s« 
in  ft  wider  seoae,  of  the  Rhyochocephaliaa  stem,  toUUy 
it  of  the  true  RhynGbocephalisas,  and  linked  in  bU 
jWobabiUty  in  ft  more  direct  manner  to  the  lowest  organiited 
yuMWOtiuridftii  So  long,  therefore,  as  the  inferior  zygomatic  arcli 
il  btld  to  lift  ft  differentiating  diarooter  for  the  Kbynchocepbaliane, 
tlw  BhjmoliOHlu-iaDs  will  have  to  be  attached  to  them  and  not  to 
As  TMranonAa.  At  the  same  time  it  Ehould  be  borne  in  mind 
littt  Iftttarly  Bftur  and  Case  have  excluded  Dimetrodon  from  the 
ObtKMnpn^  ftbd  have  subsequently  included  it  with  the  Rbyocho- 
ayhlUftn^  ohiefly  on  account  of  this  oharaoter,  and  it  is  possible  also 
mt  ft  dmOftr  transfer  awaits  the  Bndothiodontidfe  under  similar 
dnumatcnoeft.  tt  u  to  ih«  Utter  that  tba  BbyitcdioaftinuiH  tvpmr 
to  be>r  the  greatwt  rawmbUnoa^  bat  in  tto  mm  ftbo  the  WBMbyuMi 
Bfty  be  based  upon  aaalogj  alone. 
Tb»  prinflipal  oowdniitni  I  hftve  ftzriTed  at  are  aa  fiilloin : — 

1.  All  the  bonaa  in  the  ikoll  of  Sypandaptitm  Ocrdami,  aa  aean 
in  Ote  spaoiiMn  fn  tba  Brflaih  Uneeom  (^art  tarn  ttw  ooaiaitai 
TCgion),  am  be  identified,  ezoept  anah  aa  may  be  atili  aabeafled 
fa  die  matrix. 

2.  TIte  upper  aide  of  the  eknll  ^reee  with  the  one  known  tir 
BbvudhooepUliana,  with  thie  diffimtoe,  that  the  poalDrtitlil  k 
ntosr  lar«  uod  lemoved  in  poeition  from  die  orlntaL 

3.  In  the  lower  jaw  five  booee  can  be  dearly  diatiagaiihed,  t» 
which  an  angalar  should  be  added,  analogoue  to  BkfnekoiamvB. 

4.  The  mazillaries  are  edentulotia ;  the  palatines  poBsesa  unmerouB 
TOWS  of  teeth  in  serial  arrangement,  which  inoreaae  in  size  fion 
the  front  to  the  book.  They  are  not  ohanged,  but  their  Dumber 
is  augmented  in  their  hinder  margins;  their  complete  wear  i> 
prevented  by  alteration  in  the  position  of  the  attritive  snrfaoea. 
The  suture  between  the  palate-bone  and  the  maxillary  liea  to  the 
ontaide  of  the  dentigeroua  portion,  and  is  probably  the  same  in  the 
Plaoodontia. 

6.  Bjfperodapedon,  together  with  Bhynehotauria,  forms  a  separate 
group  of  the  Rbynchooephalians,  viz.  the  Rhynahosaurians,  whioh 
are  connected  in  a  direct  line  with  the  lowest  forms.  This  group 
has  no  affinity  with  the  Rhyochooephaliana  io  a  strioter  sense; 
its  analogies  with  the  Chelonians,  the  Kndothiodontidn,  and  the 
Champeoaauridffi  are  physiologioal  ones. 
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II. — NOTSS   OM    SOME   BeMAINS  OF    CrTPTOCLEIDUS  FROM   THE 

Eellaways  Book  of  East  Yobkshibe. 

By  Thomas  Shbppa&d,  F.O.S. 

ON  Tisiting  Brough  a  short  time  ago  I  noticed  a  small  section  had 
been  made  on  the  western  slope  of  Mill  Hill,  about  twenty  or 
thirty  feet  below  the  top.  The  excavation  is  made  in  soft  white 
sand,  which  is  very  ferruginous  in  places.  Beds  of  hard  sandstone, 
varying  in  thickness  from  one  to  three  inches,  traverse  it  in  the 
upper  part  of  the  section.  These  beds  of  sandstone  are  practically 
horizontal,  and  contain  casts  of  Belemnites  Owenii,  Qryphaa  hilohataj 
Trigonia,  and  other  characteristic  Eellaways  Bock  fossils.  In  not 
a  single  instance  was  a  portion  of  a  shell  remaining,  the  whole  of 
the  oalcite  having  been  dissolved  away.  There  is  only  a  thin 
covering  of  soil ;  and  this  contains  numerous  pebbles  of  doubtful 
origin,  and  some  pieces  of  Bomau  pottery. 

The  excavated  material  is  sent  to  Leeds,  where  it  is  used  by  an 
engineering  firm  for  moulding. 

On  examining  the  pit  I  noticed  a  piece  of  very  ferruginous 
material.  It  was  of  rather  peculiar  shape,  however,  and  on  picking 
up  further  pieces  it  became  evident  that  they  were  small  fragments 
of  bone.  They  had  been  thrown  on  a  heap  on  one  side,  and  such 
bones  as  were  found  had  to  be  picked  from  this  heap ;  consequently 
their  exact  horizon  could  not  be  determined.  Subsequent  visits 
were  the  means  of  finding  still  further  specimens,  chiefly  whole  and 
broken  vertebrsd,  pieces  of  ribs,  etc.  On  one  of  these  occasions 
a  vertebra  was  noticed  protruding  from  the  quarry  face,  at  a  depth 
of  about  seven  feet;  this  was  in  close  proximity  to  the  heap  from 
which  the  other  remains  had  been  obtained.  This  vertebra  was 
extracted,  and  several  others  were  found  on  the  same  level,  fitting 
close  together.  These  vertebrsd  were  nearly  circular,  and  were 
without  the  prominent  processes  which  occurred  on  some  of  the 
earlier  specimens  found  on  the  refuse  heap.  Evidently,  therefore, 
this  was  the  tail  end  of  the  animal,  and  unfortunately  the  most 
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important  reniaina  had  already  been  escavnted  and  were  not 
preserved.  However,  the  find  ia  llie  quarry  face  enables  tbe  e»ct 
horizon  of  the  animal  to  bs  fixed,  and  there  can  be  litlle  doubt  that 
the  almost  complete  skeleton  of  a  huge  Bauriao  had  been  buried, 
where  it  had  rested  undisturbed  from  the  day  it  was  deposited  in 
JaraBfiic  times.  The  disposttioQ  of  the  reniaias  suggests  quiet 
waters,  and  subseqnent  undisturbed  conditions. 

Below  the  remains  the  sand  is  much  whiter  and  finer,  and  more 
resembles  the  pure  white  sand  exposed  in  a  section  near  Sancloa 
church,  a  few  miles  away. 

Having  been  informed  that  some  time  previously,  when  the  bones  ii 
were  first  excavated,  a  few  of  the  lai^er  specimens  hsd  been  sent  to  II 
Mr.  W.  Ricbardson,  of  South  Cave,  I  called  upon  that  gentleman  , 
and  found  that  ho  possessed  three  very  large  pnddle-bones,  obviously 
from  the  same  skeleton  as  my  q>eoimoDS ;  these  he  bos  been  good  , 
to  hand  over  to  me. 

A  seleclion  from  the  oolleotion  of  bones  has  been  sent  to  Mr.  E.  T. 
Newton,  F.B.S.,  of  H.H.  Geological  Survey,  and   he   has  kindly 
examined  the  specimens  for  me.     Mr.  Newton  reports  that  they 
"belong  to  some  animal  allied  to  the  PleniotaHtut,  and  proliablj     , 
to  the  one  which  bas  been  named    Cryptacleidm,  but  the  broken    i 
condition    of    the    Hpeciraens    prevents    a   certain    determination,"    | 
Mr.    Newton   adds,    "such    reptiles   are   known    from    the   Oxford    i 
Clay,  but   not   from    the  Kellaways    Hock,"  and   in    this   opinion 
Hr.  0.  Fox- Strang  ways,  who  has  reoently  oompleted  a  volume  oa 
tlie  Jurassio  Books  of  Yorkshire,  oonoura. 

Twenty-five  specimens  were  sent  to  Mr.  Newton,  and  ha  has 
determined  them  as  under : — 


Uos.  1  &  2. 

Parts  of  one  paddle-bone,  femur  or  humerus. 

3. 

Part  of  another. 

„      4-10. 

Pieces  of  above. 

n. 

Pieoeof  ajaw. 

12. 

Paddle  oesioles. 

,.     13-21. 

Portions  of  vertebrte. 

„      22-25. 

Ribs. 

No.  11  is  very  interestiog,  but  unfortunately  it  ia  only  t&a 
anterior  half  of  tbe  lower  jaw,  and  does  not  contain  any  teeth. 

In  addition  to  the  above  there  are  some  dozens  of  pieces  of  bone, 
principally  vertebrte  and  ribs. 

The  condition  of  the  remains  is  interesting.  Being  found  in  a  soft 
sandy  deposit  they  were  easily  extracted,  a  chisel  not  being  required. 
There  has  been  little  labour,  therefore,  in  freeing  the  bones  fiom 
tbe  matrix,  an  operation  that  would  have  been  exceedingly  difficult 
had  they  been  in  hard  rook.  It  is  no  doubt  due  to  tbe  fact  that  ths 
specimens  are  very  ferruginous  (some  being  almost  like  oast  iron) 
that  they  are  in  such  a  good  state  of  preservation. 

Seeing  that  remains  of  Cryploeleidni  have  not  previously  been 

recorded  from  the  Kellaways  Bock,  it  would  perhaps  be  as  well 

u  if  a  word  or  two  were  said  on  the  stratigraphioal  position  of  these 
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partioalar  speoimeim.    The  geology  of  Mill  Hill  is  simple,  and  may 
be  briefly  stated  as  follows  : — 


Formations. 


1.  Superficial  Gravels. 

2.  Kellaways  Rock. 

3.  Kellaways  Sand. 

4 .  G  reat  Oolite  Clay  or 

Sandy  (Jolite. 
o.  Millepore  Oolite. 


Dksciiivtion.  Where  Exposed. 


Loose  waterwom  gravel  and    In  a  (piarry  on  the  top  of  the 

sand.  hill. 

Hard  Haudstone  with  fossils  l  \  In   the    quarry   where    the 
Ferruginous  sands.  >  ;        Saurian  bones  occurred. 

Sand  and  cby .  .  In  a  well-section  lower  down 

I        the  hill. 
Hard  limestone  with  fossils,    i  At  the  base  of  the  hill. 


Tbe  fact  that  thin  beds  of  sandstone,  with  well-known  Kellaways 
Rock  fossils,  ocour  some  six  feet  above  the  bed  containing  the 
remains,  clearly  indicates  that  the  bones  were  found  in  what  is 
known  as  the  Kellaways  Sands.  These  beds  are  well  exposed  in 
tbe  railway  cutting  at  South  Cave,  a  short  distance  away,  though  of 
this  section  Mr.  Fox-Strangways  says,*  **  the  beds  [of  the  Great 
Oolite  Clay]  are  so  similar  to  the  sands  of  the  Kellaways  Rock 
above  that  it  is  difficult  to  fix  an  exact  horizon  between  them." 

The  question  arises,  does  the  lower  part  of  the  section  on  Mill 
Hill,  in  which  the  Cryptocleidus  remains  were  found,  belong  to  the 
Kellaways  Sands  or  the  Great  Oolite  Clay  series  ?  The  beds  of  the 
Great  Oolite  Clay  (sometimes  called  the  *  Sandy  Oolite')  consist 
mostly  of  sands,  clayey  in  parts.^  Tins  rock,  however,  occurs 
further  down  the  hill.  In  a  previous  paper ^  I  have  described  a  well 
section  that  was  being  made  in  1895,  which  was  sunk  in  the  Great 
Oolite  Clay.  It  showed  six  feet  of  stiff  blue  clay,  greatly  mottled 
and  stained  with  yellow,  containing  no  fossils  or  stones.  Below 
this  was  about  three  feet  of  yellow  clay ;  the  standing  water  pre- 
vented me  from  seeing  further,  but  at  one  end  of  the  heap  of 
excavated  material  at  the  top  of  the  well  was  a  quantity  of  fine 
yellow  sand,  which  had  no  doubt  been  taken  from  below  the  yellow 
clay.     This  section  was  some  distance  down  the  hill. 

At  the  bottom  of  Mill  Hill  are  some  small  exposures  in  the 
Millepore  Oolite,  whilst  at  the  top  I  have  frequently  observed  slabs 
of  Kellaways  Rock  in  the  floor  of  the  gravel-pit,  hard  masses  of 
this  rock  evidently  occurring  in  a  few  places  towards  the  top  of 
the  hill.  Taking  all  into  consideration,  therefore,  there  can  be  little 
doubt  that  the  Saurian  occurred  in  the  Kellaways  Sand,  and  the 
discovery  of  these  relics  of  Cryptocleidm  give  that  animal  a  much 
earlier  and  longer  period  of  sojourn  upon  this  earth  than  previous 
records,  from  the  Oxford  Clay,  have  warranted. 

In  searching  for  records  of  similar  finds  previously  obtained  from 

'  **The  Geology  of  the  Country  between  York  and  Hull"  :  Geol.  Survey  Mem., 
1886,  p.  22. 

'  Loc.  cit.,  p.  22. 

'  "  Notes  on  Elephm  antiquus  and  other  remains  from  the  Gravels  at  Elloughton, 
near  Brough,  East  Yorkshire  "  :  Troc.  Yorks.  Geol.  and  Polyt.  Soc,  1897,  p.  222. 
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the  Kellaways  ■eriai,  I  notioad  that  PhilliM,  in  his  "Geologj  of 
Torkshire/'  >  in  a  list  of  "  Fowila  from  tho  Kellaways  Book,**  rai» 
to  a  "ooFBooid  bone?  of  a  saurian  animal,''  and  this  is  die  oaly 
record  of  sny  kind  that  I  have  been  able  to  find.  I  tfaoa|^  il 
possible  that  the  spedmen  referred  to  by  Phillips  mig^t  be  in  ths 
York  Hosenm*  On  oommonioating  with  Mr.  Platnaner,  the  Confeor» 
however,  on  the  matter,  he  states  —  <' Phillips'  *  UndeteiBunsd 
Ooraooid '  from  the  Kellaways  is  not  in  onr  linsenm.  Indeed,  our 
odUeotions  have  no  vertebrate  remains  from  the  KeUaways  Book 
atalL" 

It  should  be  mentioned  that  whilst  at  Soarborongh  reosndy 
I  noticed  two  lumps  of  hard  fermg^ous  rook  in  the  Unseam 
grounds,  the  matrix  and  general  appearance  of  whidi  very  mnbh 
resembled  that  of  the  Kelmways  Bode,  which  is  exposed  in  sevenl 
idaoes  in  the  neighbourhood.  Each  piece  on  its  Dioken  face  ex* 
nibited  the  ssotton  of  a  huge  bone,  somewhat  resembling  the  paddle* 
bones  from  Mill  Hill,  just  described.  A  portion  of  an  articular 
suxfsce  also  protruded  from  one  of  the  pieces.  Of  course  it  i» 
possible  that  these  two  Scarborough  blocks  were  found  together 
m  the  Kellaways  Book,  and  it  is  not  even  improbable  that  they 
represent  the  specimens  referred  to  by  Phillips.  In  the  abeenoe 
of  labels  or  other  information,  however,  we  are  left  in  the  daik  on 
these  points,  but  it  seems  desirable  that  the  specimens  should  be 
recorded. 

m. — Coal  Plants.     Incomtboyxbtiblb   Eyidsnob    of    Growtd 

IN  SITU. 
By  W.  S.  Obbslby,  F.G.S.,  F.G.S.A. 

THE  fossils  to  which  this  communioation  relates  were  described 
and  the  deductions  drawn  from  their  mode  of  occarrenoe  in  a 
paper  I  submitted  to  the  Geological  Society  of  London  in  1896,  bat  as- 
that  paper  was  not  printed  in  extenso  (see  Q.J.G.S.,  vol.  liii,  p.  245)r 
with  the  Editor's  kind  permission  the  gist  of  it  appears  as  follows. 

I  am  not  aware  that  entirely  satisfactory  evidence  showing  that 
any  of  the  coal-forming  plants^  grew  exactly  where  they  occur 
to-day  as  fossils,  has  as  yet  been  produced.  What  authenticated 
cases  of  demonstrated  growth-in-place  coal-forming  plants  have  been 
admitted  by  reliable  or  competent  workers  and  teachers  in  thifr 
connection?  While  many  instances  of  tree  stumps  with  root- 
processes  and  other  forms  of  vegetation  more  or  less  in  oontaot  with 
beds  of  coal  have  been  cited  in  many  countries,  in  no  case  do  they 
seem  to  have  contributed  coal  to  the  seam,  or  been  found  to  be 
composed  of  but  little  else  than  material  foreign  to  coal  (stone, 
pyrites,  clay,  shale,  eta).  Many  trustworthy  observers  have  pointed 
out  the  danger  in  taking  it  for  granted  that  erect  fossil  stumps  met 

»  1829  edition,  p.  142. 

^  The  term  *  coal -forming  *  used  in  this  paper  means  entering  more  or  \e» 
extensively  into,  or  contributing,  material  of  a  coal-like  aspect  and  chemical  com- 
position, practically  the  same  as  the  coal-bed  in  which  occurring,  with  which  to  help 
to  pile  up  or  add  tnic\Lnew  lo  IViq  %e&m. 
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with  in  or  upon  (very  rarely  in)  a  ooal-bed  grew  where  they  now 
are ;  bat  if  a  oase  of  growth  in  plaoe  in  ooal  has  been  or  can  be 
established,  notwithstanding  the  substanoe  of  the  fossil  is  rock  or 
shaley  nobody  will  dispute  that  the  tree  or  the  plant,  whatever  it 
was,  did  oontribute  some  coaly  material  to  the  ooal-bed  in  which  it 
flourished.  Be  this  as  it  may,  the  object  of  this  paper  is  to  record 
the  occurrence  of  forms  or  fossils  composed  of  coal  in  actual  contact 
with  beds  of  ooal,  that  unquestionably  were  plants  that  grew 
absolutely  in  sitiky  and  thus  to  establish  the  fact  that  some  coal-seams, 
and  typical  ones  too,  are  partly,  at  any  rate,  composed  of  vegetal 
remains  that  have  lived  and  died  exactly  on  the  spots  now  occupied 
by  them.  I  also  want  to  make  it  quite  evident  that  the  forms  to 
which  special  reference  is  here  made  grew  under  water. 

_  / 

Coal. 

Fireclay. 


Black  shale. 
^^^^^^^^^^^^^^^   A'  Coal. 

D. 

Fig.  1. — Section  of  Coal  and  Clay-slate. 

The  coal-seam  A,  Fig.  1  (the  uppermost  few  inches  of  which 
appear),  is  about  6  feet  thick  :  it  is  overlain  by  a  layer  of  black, 
tough  shale  (called  'bone'),  B,  which  is  about  2  inches  thick. 
Over  this  'bone'  comes  10  to  11  inches  of  mottled  fireclay,  C,  and 
the  clay  is  followed  by  strata  of  coal  and  shale  for  several  feet. 
These  alternations  of  Coal-measures  (Carboniferous),  with  trifling, 
local  diflerences,  obtain  for  a  very  large  portion  of  the  area  of  the 
seam,  which  is  the  'Pittsburg'  bed  in  S.W.  Pennsylvania. 

An  examination  of  the  horizon  A- A'  —  the  top  of  the  seam  of 
coal  proper — reveals  the  phenomenon  of  the  bright,  brittle,  pitch- 
like coal  lamin83,  sending  out,  or  more  properly,  having  developed, 
upward  swellings,  expansions,  and  horn-like  processes  D,  not  only 
into  the  black  shale  B,  but  also  into  the  clay  C,  and  in  those  two 
strata  dividing,  branching,  curving,  and  expanding  in  a  peculiar 
but  uniformly  characteristic  manner.  This  phenomenon  is  a  very 
common  one ;  and  since  these  coaly  forms  extend  very  much  farther 
horizontally  than  vertically,  and  possess  their  limbs,  lobes,  expansions, 
branches,  leaves,  or  whatever  their  parts  or  processes  should  be 
called,  in  ever  varying  shape,  position,  and  trend,  any  section  or 
exposure  of  them  shows  change  and  diflerence  in  form.  In  some 
places  they  appear  in  great  profusion,  in  others  are  scattered  or  of 
less  development  and  therefore  less  conspicuous.  As  to  chemical 
composition  and  physical  aspect,  these  strange  meandering  forms  in 
the  top  of  the  coal-seam  differ  but  little,  if  at  all,  from  the  black  brittle 
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JaminBB  lower  down  in  the  aeHin,  wliera  the  forking  and  onrVing 
pboDomenn  are  very  much  leas  in  evideuce.  Oocasioaally  oae  noticn 
suggestions  of  a  core  or  centre  in  these  fossils—a  little  clay  or  pyritei. 
for  instaDOe — but  the  majority  of  them  are  composed  of  oompact, 
bright,  brittle,  apparently  structiireieaa  ooal.  The  exteriors,  when 
the  foBsils  eater  the  olay,  are  always  filmed  with  olay,  but  seem 
quite  devoid  of  markings — are  very  smooth.  A  noticeable  feature 
of  the  terminals  or  extremities  of  the  leaves  or  proceesea  is  a  tendency 
to  thicken  or  become  slightly  bulbous  there.  Complete  pockets  of 
olay  are  sometimes  seen  in  them.  When  embedded  in  the  ooal-seam 
they  cannot  be  separated  from  the  matrix.  The  longest  individtul 
measured  over  12  feet;  the  thiokest  part  of  any  one,  about  4  inches, — 
and  all  compaat  coal.  Karely  one  reaobes  to  the  base  of  Ibe  ooal 
above  the  fireclay  C ;  and  here  and  there  speoimauB  seem  wholly  io 
the  latter  stratum.  From  an  examination  of  a  very  large  number  of 
these  forms,  extending  over  many  yeare  of  my  professional  wort 
(that  of  a  mining  engineer),  underground  in  ccal-mines  and  in  clay- 
mines,  as  well  as  in  open-cast  workings  in  coal  and  fireclay  districts, 
my  oonolusion  is  that  in  form  or  »hape  these  fossils  res«<nible,  more 
than  anything  else  I  know  of,  the  fronds  of  the  &Ik-hom  fern. 
Fish  teeth,  scales,  eto.,  have  been  found  in  contact  with  these  coaly 
forms. 

Viewed  or  regarded  as  veins,  or  in  a  purely  stratigraphical  and 
physical  liijht,  wholly  ap.irt  frnm  botanical  oonsiiierations,  these 
forms  or  shapes  of  coaly  material,  since  (hey  int-ersect  the  beds  B 
and  C,  would  be  regarded  as  having  been  formed  then  or  placed  there 
stnc«  those  beds  were  deposited.  But  as  those  forms  are  presumed 
to  be  of  vegetable  origin,  fossil  plants  or  parts  of  plants  which 
evidently  contributed  coal  to  the  seams  A-A',  two  explanations  of 
their  origin  are  possible,  viz. :  (1)  That  they  are  the  drifted  and 
buried  remnants  of  shrunk-up  parts  of  trees,  etc  ;  and  (2)  that  they 
are  plants  which  grew  and  died  where  they  now  are.    If  the  former. 


FiQ.  2. 
then  they  became  buried  before  the  ooal  A  was  fully  acoamnlated, 
and  therefore  before  B  and  before  0  were  deposited ;  if  the  latter, 
then  we  ought  to  find  some  tangible  proof  of  the  fact  in  oonneotioa 
with  then).  I'hat  there  is  this  proof  is  the  burden  of  this  paper — of 
my  ai^ument.  When  these  forms  or  fossils  are  strongly  in  evideoM 
uaA  protrude  atowt  pioo^Bs^a  u'^  v'o.Xn  rJbft  cUy  C,  two  thinge  an 
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notioeable :  one  is  that  the  blaok  Bhale  or  '  bone '  bed  is,  aa  it  were, 
ploughed  up  and  overturned  along  tbe  aides  of  the  ooal;  iatradera 
(see  Fig.  2)  ;  and  the  other  is  that  ruptured  masses  of  the  '  bone'  are 
seen  to  lie  upon  the  baoka  and  tops  of  the  more  prominent  expanaiona 
(see  D,  Fig.  2),  making  it  perfectly  plain  that  these  plants,  in  pushing 
tiieir  way  upwarda,  carried  patches  or  strips  of  Uie  layer  B  with 
them  in  the  water  (they  must  have  been  under  water)  or  slime  in 
whioh  they  were  growing.  I  fail  to  aee  bow  one  could  wish  for- 
a  more  striking  demonstration  of  expansive  or  upward  growth  of 
plants  ahtciuiely  in  jtiaee  ofgroieth  than  such  aa  this  figure  is  typioal 
of.     What  other  explanation,  I  ask,  will  be  satisfactory  ? 

But  if  we  would  attempt  to  aooount  for  this  phenomenon  by 
tnppoaing  the  forms  were  in  place  before  the  bone  layer  was 
deposited,  ita  deposition  would  have  been  a  horizontal,  even,  or 
unbroken  one,  and  the  projecting  (?  woody)  prooesses,  such  as  D, 
Fig.  2,  wonld  have  stood  np  through  or  been  left  bare  of  it,  as 
suggested  in  Fig.  1.  But  we  are  nut  left  to  conjecture  upon  this 
point.    Look  at  the  conditions  or  the  phenomenon  sketched  in  Fig.  3,. 


for  clearly  here  we  have  one  of  these  forms,  D.  actually  arrested  as 
it  were  in  the  act  of  rupturing  the  bone  layer  B.  Tbat  that  stratum 
was  undergoing  lateral  stretching,  amounting  to  tearing  it  asunder 
at  E  and  F,  as  well  aa  crumpling  or  thrusting  it  nside  at  G,  when 
overwhelmed  or  when  solidification  took  place,  and  tliat  the  cause  of 
tbe  rending  and  twisting  was  tbe  lateral  thrust  from  the  extension 
towards  G  of  the  form,  or  coal-plnnt  growth,  D,  is  to  my  mind 
perfectly  clear,  admitting  of  no  other  explanation  when  taken  in 
conjunction  with  the  phenomena  illustrated  in  Figs.  1  and  2,  besides 
other  facts  to  be  noted. 

Having  these  forms  of  coaly  material  iuterlaminated  or  inter- 
etratified  with  the  body  of  the  coal-seam  in  a  descending  direction, 
and  inseparably  connected  stratigraphioally  and  physically  in  the 
opposite  direction  with  the  beds  immediately  overlying  the  coal- 
seam,  to  draw  a  hard  and  fast  line  between  the  coal-bed  and  the 
clay  above  it  ia  impossible.  The  conclusion,  then,  is,  that  growth 
in  nlH,  for  a  part  at  least,  of  the  seam  of  coal,  must  be  granted,  even 
by  those  who  wonld  prefer  what  we  call  the  '  drift  theory.'     Anattia^ 
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point  that  seems  to  admit  of  no  qaeation  ii  this :  that  riooe  Uieie 
coaly  forms  grow  in  pUoe,  that '  place '  cannot  have  been  otlier  than 
under  water,  for  the  reason  that  the  black  alime,  the  atratnm  R, 
must  have  been  an  aqnatio  deposit :  ao  that  our  '  ooaly  fonna '  w«b 
denizens  of  mud  and  presumably  of  water  too. 

Other  facte  may  be  oit«d  in  this  oonneotion.  The  UDderoUy  ot 
'  seat  earth  *  of  the  No.  2  coal-bed  in  Illinois — a  seam  far-reftching  in 
«ztent  anti  of  wonderfully  uniform  thioknesB  and  character  as  regard* 
floor,  coal,  and  roof^in  very  many  places  is  penetrated  by  '  ooaly 
forms'  possessing  the  same  faoiee  and  charaotetiatios  as  thoae  we 
have  been  oonsidering  in  the  '  Pittsburg '  seam.  If  the  reader  will 
look  at  Figs.  1,  2,  and  3  upside  down,  and  disregard  the  bed  B,  the 
general  aspect  of  these  forms,  in  vertical  sections,  will  appear.  la 
other  words,  they  are  grown  to  the  coal-bed,  and  protmde  twisty  aal| 
homy  sheets  of  oompsot  bright  coal  in  every  variety  of  shape  ad 
direction  into  the  underolay ;  thus  making  it  evident  that  they  m3 
formed  exactly  where  they  are  now,  and  that  some  of  the  laminatiaS 
of  the  ooal-b&J  also,  as  plants  or  parts  of  plants,  lived  and  diedfl 
place  of  growth.  The  characteristic  markings  of  Stigmaria  have  aM 
been  observed  in  this  underolay,  but  so  totally  different  nre  tbe  tiw 
fossils  or  objects  and  their  state  of  preservation,  that  to  get  coofuMd' 
in  tracing  them  is  impossible.  Here,  then,  also  we  canaot  esoupe  tb^ 
inference  that  these  ooaly  forms  were  plants  of  aqnatio  habitiit ;  anl] 
although  admitting  some  shrinkage  or  reduction  in  balk  to  ha*! 
taken  place  during  conversion  from  vegetal  matter  into  liiMlk 
material  resembling  coal,  it  is  evident  that  oomparatiTelj  litfli 
shrinkage  did  obtain. 

Besides  the  above  localities  that  have  produced  this  kind  of  Mat 
b(?d  foriDtttion  phenomena,  the  author  has  discovered  very  mmilai 
fossils  in  (xintact  wiih  three  or  four  ccial-beds  in  the  Leioestsrslitn 
and  South  Derbyshire  Coaltiuld  :  in  fact,  it  was  in  the  mines  in  this 
district  that  they  first  atlrncted  his  attention. 

Doubtless  similar  forms  exist  in  other  regions,  and  the  discovery 
and  study  of  them  will  yet  furnish  vrJiiable  facts  in  this  line.  I  am 
fully  aware  that  if  the  pfilscobotanist  and  microscopist  were  to  pass 
judgment  on  my  ohBervatioiis  und  conclusions,  they  would  say  the 
case  was  '  not  proven ' ;  but  my  contention  or  claim  is  this  :  that  no 
matter  what  the  anatomy  and  inteiiial  organization  of  these  fom)S 
was  and  may  yet  be  found  to  chow,  the  atratigraphical  evidence  is 
clearly  pronounced,  unmistakable,  and  altogether  in  favour  of  my 
contention.  Furlber.  I  hold  this :  that  science  does  not  demand 
a  demonstration — a  knowledge — of  tbe  anatomical  structure  of  an 
extinct  plant  or  animal  to  prove  or  claim  the  existence  or  discovery 
of  a  new  species  or  genus  when  ihe  ehape  or  form  (cast  or  mould,  etc.) 
of  such  make  it  evident  that  something  new  has  turned  up.  But 
time  will  show  whether  or  not  I  have  como  upon  something  new  or 
important  in  this  interesting  question  of  coal-bed  formation.  If 
I  have  made  my  claim  good,  it  is  for  those  who  may  refuse  to  accept 
it  to  show  that  these  fossils  did  not  have  tho  attributes  and  environ- 
ment herein  described  or  suggested. 
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TV. — A  Grctwethkb  at  South  Eknsihoton. 
By  H.  B,  Woodward,  F.H.S. 

!f  the  Gbolooioai,  HAaAziNi  for  March,  1691,  p.  119,  I  drew 
attention  to  the  occnrrenoe  of  a  lai^  Oreywether  in  Hoeoow 
reet,  Bayswater.  Anotber  and  smaller  example  has  lately  been 
novered  in  the  foundations  for  the  new  buildingB  of  the  Victoria 
d  Albert  Mnienm,  South  Kensington.     The  excavations  show  : 

Made  ground  and  soil,  about  5  feet. 

Gravel,  full  thickness  about  20  feet. 

London  Clay  with  oement  stones. 


ijwsthei  or  Sarsca-etiiue  hum  tht  Gravi^l.     Viut'irin  and  Albert  Mueeum,  South 
Kensingtuu.     (Quc-twelftb  uatural  sizs.) 

.e  Greywether  was  found  at  Ihe  south-western  part  of  the  site, 
1  feet  from  the  surface,  and  at  a  depth  of  five  feet  below  the  top 
the  undisturbed  gravel.  In  size  it  is  3  ft.  10 in.  by  3  fL  3  in.  and 
't,  aooording  to  the  greatest  measurements,  but  the  stone  is 
newbat  irregular  in  shape  and  the  bulk  le  less  than  these  full 
Murements  would  indicate.'  The  stone  is  a  somewhat  coarse 
idstone,  with  the  grains  more  distinct  than  in  many  examples 
Greywether  or  Sarsen-atone.  One  side  is  muoh  smoothed  and 
Qost  polished,  as  if  by  wind-drifted  sand.  The  block  may  have 
in  formed  in  the  Bagshot  Sand,  and  may  have  long  remained  on 
I  surface  of  the  land  in  Pre-Qlacial  times,  a  relic  of  Eocene  strata 
I  denudation  of  which  took  place  partly  during  the  Miocene  and 

Hi.  C.  Barluw,  Maenn- Forma  tore  in  tLe  Geological  Department,  estimates  the 
ic  coniente  of  tbe  >  SaiscD-sloQC '  at  fiom  10  lo  11  feet,  and  its  weight  from 
cwt.  to  U  ent. 


644     E,  BuUen  Newton — Sheik  from  Raised  Beaches^  Bed  Sea, 

Pliocene  periods.     It  may  have  been  shifted  and  incorporated  in 
glacial  drift,  and  afterwards  dislodged  and  transported  by  river-ice, 
and  thus  transferred  to  the  wide-spreading  gravels  of  the  Thames^ 
Valley.      It  is,  however,  impossible  to  speak  precisely  of  its  pist 
history.     The  fact  of  its  occurrence  is  interesting,  as  Mr.  Whitaker 
has  remarked  that  such  blocks  *'  occur  somewhat  rarely  in  our  Biver 
Gravel.*'    An  example  fully  three  feet  across  was,  however,  noticed. 
by  Mr.  J.  Allen  Brown  at  Alperton,  in  the  Brent  Valley,  and  other. 
records  have  been  published.* 

The  specimen  to  which  attention  is  now  directed  was  observed  by 
Colonel  C.  K.  Bushe,  F.G.S.,  and  he  lost  no  time  in  securing  it  and 
in  presenting  it  to  the  British  Museum  of  Natural  History,  Cromwell 
Boad,  where  it  will  be  preserved  and  placed  in  the  Garden  on  the 
eastern  side  near  the  Fossil  Tree  from  Craigleith,  Edinburgh,  and 
not  very  far  from  the  spot  where  it  was  discovered  in  the  GraveL 
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THE  Bed  Sea. 

By  R.  BuLLEx  Newton,  F.G.S.,  of  the  Britisli  MuBeum  (Natand  History]. 

{Concluded  from  the  November  Number^p.  614.) 

(PLATES    XX-XXII.) 

Family  CONIDJE. 

Conns  flavidns,  Lamatck. 

Conus  faridusy  Lamarck :  Hist.  Nat.  Anim.  sans  Vert.,  vol.  \u  (1822),  p.  468. 

Distribution. — Bed  Sea,  East  Africa,  Ceylon,  Java,  etc.  (Tryoii) ; 
Bed  Sea,  Persian  Gulf,  East  Africa,  Polynesia,  Fiji  Islands,  etc. 
(E.  A.  Smith).  Coll.  Geol.  Siirv.  Egypt :  raised  beach  80  feet 
above  sea,  Camp  G,  north  of  Wadi  Gueh,  west  of  Kosseir  (Nos. 
],6ol,  1652,  Box  No.  79y). 

Conus  miliaris,  Hwass. 

OiuKs  wfh'nrisy  Ilwass.  :   Encyclop.  Mdthodiquo,  1792,  vol.  i  (vers),  p.  629. 

DiSTUiiiUTioN. — Red  Sea  to  Sandwich  Islands  (Tryon).  Coll. 
Geol.  Siirv.  Egypt  :  beach  east  of  Gharib  (Nos.  2,227-2,254,  Box 
No.  17/). 

Conus  monachus,  Linnaius. 

Cof/t'.^  iit(>,'<i(h,is,  LiiiiiMU^:  SystoniJi  Natuni',  10th  od.  (17o8;,  p.  71-1. 
DiSTUiTiUTTON. — Philippines  and  New  Calc<1onia  (Tryon).  Coll. 
Geol.  Snrv.  Egypt  :  raised  beach  80  feet  above  sea,  Camp  G,  north 
of  Wadi  Gueh,  west  of  Kosseir  (Nos.  1,G51,  1.052,  Box  No.  79/); 
raised  l)each,  Camp  G,  Wadi  Gueh  (Nos.  1,591  and  1,567,  Box 
No.  ?>01c). 

Conus  nussatella,  Linnaeus.     (PI.  XX,  Fig.  8.) 

Cojins  ,/i's,s//t<l(fr.  ]Au\v.ru<:   Systenui  Natunr,  10th  rd.  (17o8;,  p.  716. 

DisTKiBiTroN. — Beach  deposits  of  lied  Sea  (Gray  &;  Frembley, 
Issel) :  lit'd  Sea  to  rolynesia  (Tryon)  ;  Aden,  Red  Sea,  East  Africa, 
Ccvlon,  Java,  Philippines,  North  Australia,  Polynesia  (E.  A.  Smith}- 
Coll.  Geol.  Surv.  Egypt  :   beach  east  of  Gharib  (Nos.  2,227-2,254, 

'   Sco  \V\ut'.vb:\- •.  ''CtovAo-x  uI\.u\\vVa\:"  nvnI.  I,  \)^k  3;U),  3G2,  440    »;tc. 
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Box  No.  17 j) ;  raised  beach  20  feet  above  sea  at  Gharib  lighthouse 
(Nob.  2,058-2,098,  Box  No.  18/) ;  raised  beach  80  feet  above  sea, 
Gamp  6,  north  of  Wadi  Gaeh,  west  of  Eosseir  (Nos.  1,653,  1,654, 
Box  No.  80y) ;  raised  beach,  Wadi  Gaeh,  Camp  6  (Nos.  1,591  and 
1,567,  Box  No.  30Jk). 

Conns  omaria,  Hwass.    (PL  XX,  Fig.  9.) 

Conus  omaria^  Hwass. :    Encyclop.   M6thodique,    1792,    vol.    i    (Ten),  p.    743 
{ss pfnnaeeuM,  Bom,  vide  Tryon). 

DisTBiBUTiON. — Bed  Sea,  Philippines  (Tryon).  Coll.  G^eoL  Snrv. 
Egypt :  50  foot  beach,  Gemsah  (Nos.  2,081-2,057,  Box  No.  58/) ; 
raised  beach.  Camp  6,  Wadi  Gueh  (Nos.  1,591  and  1,567,  Box 
No.  30Jk). 

Conns  generalis,  Linnsdus. 

Conus  generaiis,  Linnseas:  Systema  Natunc,  12th  ed.  (1767),  toI.  i,  pi.  2,  p.  1,166. 
Distribution. — Beach  deposits  of  the  western  shore  of  Bed  Sea 
(Gray  &  Frembley) ;  Bed  Sea,  Ceylon,  East  Africa,  Philippines, 
New  Caledonia  (Tryon)  ;  Aden,  Bed  Sea,  Ceylon,  Bast  Africa, 
Philippines,  etc.  (E.  A.  Smith).  Coll.  G^l.  Surv.  Egypt:  Bas 
Gharib  (Barron). 

Conns  textile,  Linnaaus. 

Conits  textile y  LinnsDUs  :  Systema  Naturae,  10th  ed.  (1758),  p.  717. 
Distribution. — Bed  Sea,  Indian  Ocean,  Philippines,  Polynesia, 
Aden  (E.  A.  Smith) ;  beach  deposits,  western  borders  of  Bed  Sea 
(Gray  &  Frembley)  ;  Bed  Sea,  Mauritius,  Philippines,  etc.  (Tryon). 
Coll.  Geol.  Surv.  Egypt :  raised  beach  80  feet  above  sea,  Camp  5, 
Wadi  Gueh  (No.  1,608,  Box  No.  54ik). 

Conns  tessellatus,  Brugui^re. 

Contta  temellatut,  Brugiii6re:  Encyclop.  M6thodique,  1792,  pi.  cccxxvi,  fig.  7. 

DiSTBiBUTioN. — Beach  deposits,  western  shores  of  Bed  Sea  (Gray 
and  Frembley) ;  Gulf  of  Akaba  and  Bed  Sea  beach  deposits  (Issel) ; 
Aden,  Pidang,  Sumatra  (E.  A.  Smith) ;  Bed  Sea  (B.M.) ;  Bed  Sea, 
Mauritius,  Ceylon,  Philippines,  etc.  (Tryon).  Coll.  Geol.  Surv. 
Egypt:  raised  beach  80  feet  above  sea,  Camp  5,  Wadi  Gueh  (No. 
1,608,  Box  No.  54]k). 

Conns  virgo,  var.  emaciatns,  Beeve. 

Comu  virgo,  Linnaeus:  Sptema  Natunc,  10th  ed.  (1758),  p.  713. 

Conu9  emaciatuSf  Reeve  :  Conchologia  Iconica,  1849,  Suppl.,  pi.  v,  fig.  248. 

Distribution. — Philippines  (B.M.) ;  Java,  Philippines,  Australia, 
Polynesia  (Tryon).  Coll.  Geol.  Surv.  Egypt:  raised  beach,  Wadi 
Gueh,  Camp  6  (Nos.  1,591  and  1,567,  Box  No.  SOk). 

Family  BULLID^E. 
Bulla  ampulla,  Linnaaus. 

Bulla  ampulla,  Linnxus  :  Systema  Naturo?,  10th  ed.  (1758),  p.  727. 

DisTBiBUTioN. — Beach  deposits  western  borders  of  Bed  Sea  (Gray 
and  Frembley) ;  desert  of  Attaka,  near  Suez  (Issel) ;  Aden,  Indian 
and  Pacific  Oceans  (E.  A.  Smith).  Coll.  Geol.  Surv.  Egypt :  Jebel 
Zeit  (Barron)  ;  raised  beach  20  feet  above  sea  at  Gharib  li^htko\iS!^ 

VBCADS  ir. — VOL.  VII. — KO.  XII.  ^^ 
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20(k  8,06»-2»<)9d,  Box  3^  1%) ;  bettA  igdh^ 
mp  51,  south  of  Oharib  l^tk<»ittMi  (Nm.  9,031^000,  Bto  Ho^ 
<Tf);  ni86db6aoh80ilMl«lxnr«iea»Cwtop6,iMr^  dTWftAGttikf 
IfMt  of  KoMair  (N<m.  1»651, 1;«58,  Box  1^  7»/> 

Clm  SOAPHOPODA. 

Fttimly  DEin^AIJIDLai. 

Boitaliiim  oetogimai,  LamaRik 

-  Jhmaaxunom. — ^Bed  Sm  wid  Peniaa  Oolf,  «i<  Bed  Sea  ImhIi 
damsite  (Issel).  OolL  GeoL  Sanr.  Ikypt:  Bat  Oliarib  QElMmi); 
laued  beaoh  80  feet  above  sea,  Gharib  l^thoofle  (Not.  2,058-4bOH^ 
Box  No.  18/). 

Olan  LAMBLLIBBAKCHIATA. 

Fanuljr  ABOIDiB. 
Area  iinbriaata«  Bragnitea 

Armimtrimta^BtugaukBi  Xi^fvl^.  MModiiBa,  1788,  voL  i  (▼en),  p.  ei. 

DisxBiBunoM.-^West  Indies,  Fernando  Noronbai  Sondi  Aftioib 
Indian  Ooean,  Aostralia,  Aden  (B.  A  Smi&);  Philippines,  Zansifasr, 
eto.  (B.H.).  OoU.  QeoL  Sonr.  ligjpl:  raised  beaeh  90  fiBefc  abets 
ssaat  Gharib  I^^ihonse  (Nos.  8,068-8,098,  BoxNa  1ft/)  ;  50  Aol 
beaoh,  Gemsah  (Nos.  8,081-8,067,  Box  Ne.  58/) ;  rated  bserii» 
Oamp  6,  Wadi  Gaeh  (Nos.  1,568  and  1,564,  Box  No.  611;). 

Area  rotnndioostata,  Beeve. 

Area  rotundieostata,  Reeve :  Conchologia  Iconica,  vol.  ii  (1844),  pi.  vii,  ftg.  46. 

Distribution.  —  Locality  unknown  (B.M.).  Coll.  G^l.  Snrv. 
Egypt :  plain  between  Bas  Oemsah  and  Jebel  Zeit  (No.  2,224,  Box 
No.  12/). 

Area  squamosa,  Lamarok. 

Area  squamosa^  Lamarck :  Hist.  Nat.  Anim.  sans  Vert.,  1819,  p.  45,  toI.  yi,  pt  1. 
DiSTBiBUTiON. — Suez,  Australia  (Issel).    Coll.  Qeol.  Surv.  E^rpt: 
raised  beach  20  feet  above  sea  at  Gharib  lighthouse  (Nos.  2,058- 
2,098,  Box  No.  18/). 

Anadara  antiquata,  LinnsBus.     (PL  XXI,  Fig.  6.) 

Area  antiquata,  Linnseas :  Systema  Natane,  10th  ed.  (1758),  p.  694. 
Distribution. — Beach  deposits,  western  shore  of  Red  Sea  (Gray 
and  Frembley) ;  Australia,  Indian  Ocean,  Mozambique  (E.  A.  Smith). 
Coll.  (Jeol.  Surv.  Egypt :  Recent  beach  south  of  Gharib  lighthouse 
(Nos.  2,198-2,216,  Box  No.  63/) ;  raised  beaoh  80  feet  above  sea, 
Gamp  6,  north  of  Wadi  Gueh,  west  of  Kosseir  (No.  1,644,  Box 
No.  74/) ;  raised  beach,  Camp  6,  Wadi  Gueh  (No.  1,601,  Box 
No.  66Jt;  Nos.  1,562  and  1,664,  Box  No.  61ib). 

Anadara  radiata,  Reeve. 

Area  radiata.  Reeve :  Conchologia  Iconica,  vol.  ii  (1844),  pi.  vi,  fig.  40  (sjmqiAa, 
Issel,  noH  Chemnitz). 

Distribution. — Gulf  of  Akaba,  Suez  (Issel).  Coll.  G^l.  Surv. 
Egypt :  plain  between  Ras  Gemsah  and  Jebel  Zeit  (No.  2,223,  Box 
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No.  9y) ;  young  forms  from  raised  beach  east  of  Jebel  Esh  (Nos. 
2,172-2.190,  Box  No.  64;') ;  50  foot  beach,  Gemsah  (Nos.  2,031- 
2,057,  Box  No.  58y) ;  beach  No.  2,  north-west  of  Camp  40,  plain 
east  of  Jebel  Mellaha,  east  of  Bed  Sea  Hills  (No.  2,256,  Box 
No.  26^) ;  Ras  Shokair,  west  coast  of  the  Oalf  of  Saez,  north-east  of 
Camp  50  (No.  2,267,  Box  No.  37*). 

Barbatia  lima,  Beeve. 

Area  lima,  Beeve:  Conchologia  Iconica,  toI.  ii  (1844),  pi.  xv,  fig.  101. 
DiSTBiBUTiON. — Philippine  Islands,  Cape  York,  Aden  (E.  A.  Smith). 
Coll.  Geol.  Surv.  Egypt :  beach  east  of  Gharib  (Nos.  2,227-2,254, 
Box  No.  17y) ;  raised  beach  20  feet  above  sea  at  Gharib  lighthouse 
(Nos.  2,058-2,098,  Box  No.  \%j;  Nos.  2,090-2,105,  Box  No.  20y) ; 
raised  beach.  Camp  6,  Wadi  Gueh  (No.  1,601,  Box  No.  56Jb ;  Nos. 
1,562  and  1,564,  Box  No.  61fc). 

Olycymeris^  pectoncnlus,  Linncens.     (PI.  XXI,  Fig.  7.) 

Area  peetunculus,  LinnacuB  :    Systema  Naturae,  10th  ed.  (1758),  p.  695  {=peetini' 
formin,  Lamarck). 

DisTBiBUTioN. — Bengal,  Suez  Bay,  Golf  of  Akaba,  Persian  Gnlf, 
Madagascar  (E.  A.  Smith)  ;  beach  deposits,  western  shore  of 
Ited  Sea  (Gray  k  Frembley,  Issel)  ;  Gulf  of  Akaba,  Suez  Bay, 
Philippines  (Issel).  Coll.  Geol.  Surv.  Egypt :  beach  east  of 
Gharib  (Nos.  2,227-2,254,  Box  No.  17^) ;  Recent  beach  south  of 
Gharib  lighthouse  (Nos.  2,198-2,216,  Box  No.  53y) ;  50  foot  beach, 
Gemsah  (No.  2,043,  Box  No.  63y) ;  big  bay  south  of  Sherm,  Sinai 
(No.  3.527,  Box  No.  44Z)  ;  a  young  form  from  raised  beach  east  of 
Jebel  Esh  (Nos.  2,172-2,190,  Box  No.  64/). 

Family  MYTILID^. 

Septifer  bilocnlaris,  Linnaeus. 

Mytilut  biheulariSf  Linniietis:  Systema  Naturae,  10th  ed.  (1758),  p.  705. 
Distribution. — Africa,  etc.  (B.M.).      Coll.  Geol.  Surv.  Egypt: 
raised  beach  20  feet  above  sea  at  Gharib  lighthouse  (Nos.  2^058- 
2,098,  Box  No.  ISy). 

Septifer  excisus,  Wiegmann. 

TUkogofiia  exeisay  Wiegmann:  ArchiT  Naturgeschichte  (Wiegmann),  1837,  p.  49. 
DiSTBiBUTioN. — Beach  deposits  of  the  Bed  Sea  (Issel) ;  Aden, 
Madagascar,  Mauritius,  Mozambique,  etc.  (E.  A.  Smith).  OoU. 
Qeol.  Surv.  Egypt :  beach  east  of  Gharib  (Nos.  2,227-2,254,  Box 
No.  17y). 

Volsella^  auricnlata,  Eranss. 

Modiola  auriculata,  EjrauBS :  Die  Sudafrikanischen  Mollusken,  1848,  p.  20,  pi.  ii, 
fig.  4. 

Distribution. — Aden,   South   and    East  Africa,   Gulf   of   Suez 

(E.  A.  Smith) ;  Red  Sea  (B.M.).     Coll.  Geol.  Surv.  Egypt :  raised 

beach  20  feet  above  sea,  Gharib  lighthouse  (Nos.  2,058-2,098,  Box 

No.  18y). 

^  Ohfcymerity  Da  Costa,  m%  =  Pectuneulusy  Lamarck,  1799,  and  Axinaa^  Poli, 
1796. 

>  VoUella,  SoopoU,  1777  ^Modioliu,  Lamarck,  1799. 
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Lithophaga  Avitensis,  Mayer-Eymar. 

LMedumui  Acitnmi,  MajBr-Eymar,  m  Hcjniea'  ■'  Fdsb.  Moll.  TiTt.-Ifetk.  THec.": 
AlhnniU.  k.k.  geol.  Keiths..  1867,  p.  M4,  pi.  sl«,  flg.  12. 

This  species  ie  repreearited  by  some  excellent  casts  showing 
ornament  a  tios  and  form. 

D18THIBDT10N. — Miocene  of  Germany  (Mnj-er-Eymar)  ;  Pliocene 
of  Italy  (Pantanelli,  etc.).  Coll.  Geol.  Snrv.  Egypt :  Raa  Shokhair, 
west  coast  of  the  Gulf  of  Suez,  north-east  of  Camp  60  (No.  2,365, 
Box  No.  35A);  raised  beaoh  360  feet  above  sea,  near  Camp  7,  Wadi 
Shigeleh  (No.  1,662,  Box  No.  tjik). 

Lithophaga  LesBepsiantts  7  Vaillant, 

Suvigny'a  Desc.  do  TEgj-pl*.  1817,  pi.  «,  He.  3- 

Lithiiphagui  Ltitrpriaiim,  VaUnal :  Joum.  Conclijliulo^,  18Co,  p.  115. 

Bepresented  by  a  olnster  of  young  forms  in  coral  crypta,  resting 
ou  matrix,  probably  belonging  to  this  species. 

DisTHiBL'TioN.  —  Gulf    of    Suez    (Vaillant).      Coll.    Oeol.    Sott. 
Sgypt :  raised  beach  north  of  Kosseir  (No.  2,111,  Box  No.  46^'). 
Lithophaga  LyeUanns,  Mayer-Eymar. 

ZilhodeiiHi*  Lj/eUani'i,  MaVL-t-EymHt :    in    Ilnrtuo^'s   "  Gvol,    Bewlir.    Un4rini." 
186*.  p.  2IS,  pi.  IV,  fig.  2S. 
A  species  of  less  cylindrical   shape  than  L.  Aoitenait,  otbsrwiw 
closely  related  ;  represented  by  casts  only. 

DisTBrBiTTioN, — Tertiary:  Madeira  (Mayer-Eymar).  Coll.  GeoL 
Snrv.  IJJgypt :  raised  beuA  Dortik  of  KoBseir  (Nob.  2,121-2,138,  Box 
No.  fiO;'). 

Family  OSTREID.^. 
Alectryonia  oncnllatat  Bom. 
Oitrea  eiicutlala,  Boni :  Teslaceu  Mu9.  CieMirei  Tiadoboueniis,  1780,  p.  114,  pi.  li, 
figs.  II,  12. 

Represented  by  some  young  examples  of  a  plicated  oyster,  whicb 
may  probably  belong  to  this  species. 

DiSTRiBUTiOH. — Red  Sea,  etc. ;  and  in  the  later  Tertiary  formations 
of  Italy,  Algeria,  Egypt,  etc.  Coll-  Geol.  Surv.  Egypt :  raised 
beach  20  feet  above  sea,  Gharib  lighthouse  (Nos.  2,058-2,098,  Box 
No.  18/;  Nos.  2,090-2,105,  Box  No.  20y). 

Alectryonia  crennlifera,  G.  B.  Sowerby. 
Otfrai  trsnalifera,  G.  B.  Sowerby:  Cunehologia  Iconics,  vol.  iviii  (1871),  pi.  xirii, 
fig.  67. 

An  example  coDsisting  of  a  single  valve  externally  covered  with 
several  small  Balani. 

DiBTBiBUTioH.~Red  Sea  (B.M.  and  Or.  B.  Sowerby).  Coll.  Geol. 
Surv,  Egypt :  raised  beach  north  of  Kosseir  (Nos.  2,121-2,138,  Box 
No.  50». 

Alectryonia  plicatnla,  Gmelin. 

Oilrcii  ptuaUita,  Gmelin  :   Syslema  Nstur.E,  13tli  e(i.  [1790),  p.  3,336. 

DiSTBiBUTiON.  —  Mediterranean,  Atlantic  and  Indian  Ocean; 
Miocene  to  Saharian  of  Italy,  Egypt,  etc.  (Mayer-Eymar).  Coll. 
Geol.    Surv,    Egypt  :    raised    beach    north   of  Kosseir ;    an   adult 
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«peoimen  and  some  young  forms  (No.  2,109,  Box  No.  S2j;    Nob. 
2,121-2,138,  Box  No.  50;). 

Alectryonia,  allied  to  crista-g^alli,  LinnsBas.    (PI.  XXII,  Figs.  5,  6.) 

Mytihts  eriita^ffaUiy  Linnaiiu :  Systema  NatursD,  10th  ed.  (1758),  p.  704. 

A  short,  deeply  plicated  form,  ornamented  with  wide  transverse 
lamelln.  Cardinal  line  horizontal,  with  a  small  central  triangular 
ligamental  area.  There  is  only  one  specimen  of  this  shell  in  the 
xx>lleotion,  both  valves  being  in  oontact,  one  being  rather  fragmentary. 
It  is,  however,  particularly  well  marked,  and  appears  to  be  inter- 
mediate between  A.  crista-galli  and  A,  turhinatay  Lamarck  (Hist. 
Nat  Anim.  sans  Vert.,  1819,  vol.  vi,  pt.  1,  p.  212),  both  of  which 
are  Indian  Ocean  species  and  prominently  plicated.  This  example 
is  probably  an  extinct  form. 

Dimensions. — Height  45  mm.,  width  about  40  mm. 

OolL  Greol.  Surv.  Egypt:  raised  beach  north  of  Eosseir  (Nos. 
2,121-2,138,  Box  No.  60y). 

Alectryonia  Virleti,  Deshayes. 

Oitrea  Virleti,  DeshayeB:   Exped.  Sci.  Mor^,  toI.  ill  (1833),  pt.  1  (Mollusques), 
pp.  122-124,  pi.  xxi,  figs.  1-6. 

This  species  is  accompanied  by  casts  of  Anadara  radiatOt  Dosinia 
•radiata,  Zavieardium  like  oblongumf  etc. 

Distribution. — Miocene  of  Morea  (Deshayes) ;  Armenia  (Abich) ; 
Persia  (Fuchs);  Egypt  (Fuohs,  etc.);  Pliocene  of  Italy  (Gregorio, 
etc.).  Ooll.  Geol.  Surv.  Egypt:  plain  east  of  Jebel  Mellaba,  low 
range  east  of  Bed  Sea  Hills  (No.  2,255,  Box  No.  33^) ;  beach  No.  2, 
north- west  of  Camp  40,  plain  east  of  Jebel  Mellaha,  east  of  Bed  Sea 
Hills  (No.  2,193,  Box  No.  SOh) ;  foothills  of  Jebel  Dara,  Wadi  Dara 
(No.  2,261,  Box  No.  3^).  The  specimen  from  the  last-mentioned 
'locality  consists  of  a  fragmentary  valve,  and  is  therefore  of  doubtful 
determination. 

Family  PECTINID^. 

Pecten  lividus,  Lamarck. 

PeeteH  UvidttSf  Lamarck :  Hist.  Nat.  Anim.  sans  Yert.,  toI.  tI  (1819),  pt.l,  p.  178. 

A  fragment  of  this  species  partly  encrusted  with  a  small  form  of 
Balanu8. 

DiSTBiBUTiON. — Bed  Sea,  Mauritius,  Aden  (E.  A.  Smith) ;  Bed 
Sea  (Issel).  Coll.  Geol.  Surv.  Egypt:  raised  beach  north  of  Kosseir 
(Nos.  2,121-2,138,  Box  No.  50/). 

Pecten  Vasseli,  Fuchs.    (PL  XXII,  Figs.  7-9.) 

Fecten  Vasseli,  Fuchs :  Donluch.  Math.  nat.  CI.  k.  Ak.  Wiss.,  vol.  xxxviii  (1877), 

p.  40,  pi.  ii,  Hg.  3. 
Syx.  Feeten  radula,  var.  sttbfoasilia,  Fraas  :  Aus  dem  Orient,  1867|  p.  189. 

This  species  is   distinct  from  all  others,  and  is  not  known  in 

existing  seas.     It  is   a  rounded,  shallow  shell,  characterized   by 

possessing  dichotomizing  ribs,  which,  together  with  the  intermediate 

grooves,  are  finely  sculptured  with  almost  microscopic,  closely-set, 

transverse  striations.      In   worn  examples   the  strise  are  scarcely 

evident  on   the  ribs  themselves.     Dimensions  of  an  adult  lower 

/valve :  height  57,  width  63,  depth  15  mm. 
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I       CrsTBiDUTiON.  —  PleiHtootiiie  deposits  from  near  £oBaetr  (Fraas) 

I  and  Iho  Bitter  Lakes   (FucUb).     Coll.  Geol,  Surv.  Egypt :   niseA 

I  beaoh  north  of  Kosseir  (Nob.  2,121-3,138.  Box  No.  50»;   laiaed 

W-  beach,  Northern  Wadi  Gueb,  Camp  6,  24U  feet  aboTe  sea  (No.  1,63S, 

I  Box  No.  22ii;);  upper  ooral  terrace  (Peeten-hed)  between  Nebk  and 

f  Sherni,  South-East  Sinai  (No.  3,540,  Box  No.  40/)- 

I  CMamys  Eeissi,  Bronn.     (PI.  XSU,  Fig.  10.) 

I    Mtw'M  Rsiiui,  BtDBD :  RtiBs'  "  Santa  Mono,"  in  Neues  Jabrb.,  1862,  p.  41,  pi.  i, 

I  6g.  IH. 

t  Aflat  ibuii,  Uajiir-ByiiiBr :  ia  Hartang'B  "  Geol.  Beach.  Madeira,"  etc.  1801, 

I  p.  227,  pi.  T,  %  32. 

I       Tetla  itAaqiiivalni  rotuadato-obUmga,  eompressa,  eoslii  radianlibat 

I  etreitBT  30,    inmqualibue,    irregtilarihtisqiie,    rotimdatia :    fquamalotii. 

I  ttejis  hiais ;    auficolia   inisqaalibus  radialit,  aaliea    maj'ori,    obliqaa. 

I  (Mayer-Eymar.) 

I       The  numerous  elevated,  rounded  ooBtoB,  covered  with  oloae  squaiuu- 

W  loee  ornamentation,  appear  to  bo  the  diHtinguiebing  features  of  tliis 

I   aliell.     The  structural  oharactors  are  well  displayed  in  the  specinien 

L  figured,  although  the  marginal  liue  has  been  fractured  in  places,  anil 

B  ft  oeutral  breakage  rather  spoils  its  otherwise  elegant  appearance. 

I       D I aumsiONS.— Height  46,  width  42  mm. 

I       DiSTRTRUTiON.  —  Modern  limestone  of  the  Azores  and  Madeira 

I  '{Bronn,  Mayer-Eymar,  etc)  and  near  Eosseir  (Fraas).     Coll.  UeoL 

■    Surv,  Egypt;    raised  beach  north  of  Kosseir  (Nos.    2,121-2,138, 

Box  No.  50j) :   raised  beach  east  of  Jebel  Esh  (Nos.  2,172-^2,190, 

Box  No.  64 

Chlamyfl  varia,  Linnraas. 

OUnavaria,  Linnsiu:  SyrtAma  Natune,  10th  ed.  (1758),  p.  $9S. 

DiSTBtBtmoN. — Beoent  in  the  Mediterranean,  etc. ;   Tertiary  of 

Italy  and  other  parte  of  Europe.      Coll.  Geol.  Surv.  Egypt:  raiaed 

beaoh  north  of  Eosseir  (No.  2,111,  Box  No.  iGJ). 

Chlamya  ((Hgantopecten)  latuuma,  Broochi. 
Oilrta  latiuima,  Brocchi :  Concb.  Fosa.  Subapanniaa,  vol.  ii  (1811},  p.  581. 
The  Bpeoimena  are  small  and  apparently  very  young  forma. 
DiBTBiBUTioN.  —  Species    extinot,   and    ranging    from    Miooeno 

(Helvetian)  to  Pleistocene  times  (Mayor-Eymar,  etc).     ColL  Oeol. 

Surv.  Egypt:    raised  beaoh  east  of  Jebel  Esh  (Noa.  2,172-2,190, 

Box  No.  Qij) ;  Pecfen-bed,  upper  ooral  terrace  between  Nabk  and 

Sherm,  south-east  of  Sinai  (No.  3,S40,  Box  No.  40J). 

CUamys  (.Sqnipeoten)  openmlaru,  Liducbus. 

Oilria  opercularU,  Linnsiu :  Sjetenu  Nstone,  tOth  ed.  (1758),  p.  698. 

A  fragmentary  specimen,  exhibiting  the  usual  structure  of  thia 
species,  associated  with  PeeUn  Vaiteli  of  Fuohs. 

Distribution. — Beceut  iu  the  Mediterranean  and  other  European 
aaas,  and  ranging  from  Miooene  (Helvetian)  to  Pleistocene  timea 
(Mayer- Eymar,  etc.).  CoIL  Qeol.  Snrv.  Egypt:  raised  beach. 
Northern  Wadi  Queh,  Camp  6,  240  feet  above  aea  (No.  1,636, 
Sox  No.  22b). 
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Family  SPONDYLID-SJ. 
Spondylns  aonleatiu,  Chemnitz. 

SpwulyUu  aeuleaius,  Chemnitz  :  Conchylien-Cabinet,  vol.  vii  (1784),  p.  74,  pi.  xliv, 
fig.  460. 

Distribution. — Beaoh  deposits,  Bed  Sea  (Issel) ;  Saez  Bay,  Qalf 
of  Akaba  (Issel).  Coll.  Oeol.  Surv.  Egypt :  50  foot  beach  at 
Gemsah  (Nos.  2,034r-2,036,  Box  No.  6iy) ;  Beoent  beach  west  of 
Jebel  Zeit  (No.  2,157,  Box  No.  72j). 

Spondylus,  sp.  indet.    (A  fragmentary  Yalve.) 

DisTBiBUTioN.^ToU.  Geol.  Surv.  Egypt :  50  foot  beach  at  Glemsah 
(No.  2,038,  Box  No.  62y). 

Plicatnla  ramosa,  Lamarck. 

FlieatfUa  ramosa,  Lamarck:  Hist.  Nat.  Anim.  sans  Vert.,  vol.  vi  (1819),  pt.  1, 
p.  184. 

DiSTBiBUTioN.  —  Beach  deposits  of  the  Bed  Sea  (Issel) ;  Enrak 
Katah  el  Eebir  and  desert  of  Attaka,  eta  (Issel).  Coll.  Oeol.  Surv. 
Egypt:  raised  beaoh  20  feet  above  sea  at  Gharib  lighthouse  (Nos. 
2,058-2,098,  Box  No.  ISy ;  Nos.  2,090-2,105,  Box  No.  20/) ;  Recent 
beach  south  of  Oharib  lighthouse  (Nos.  2,198-2,216,  Box  No.  53/) ; 
beach  against  old  island  west  of  Camp  51,  south  of  Oharib  light- 
house (Nos.  2,021-2,030,  Box  No.  57/). 

Mantellnm  (allied  to)  inflatum,  Chemnitz.      (Impression  of  valve 

in  matrix.) 
Lima  injlata,  Chemnitz  :  Conchyliun- Cabinet,  vol.  vii  (1784),  pi.  Ixviii,  fig.  649. 

DisTBiBUTioN. — Coll.  Oeol.  Surv.  Egypt :  raised  beach  north  of 
Kosseir  (No.  2,151,  Box  No.  33/). 

Family  CARDITID^. 
Cardita  calycnlata,  Linnsaus. 

Chama  ealyetUataf  Linnaaus:  Systema  Natora),  10th  ed.  (1758),  p.  692. 

DiSTBiBUTiON. — Beach  deposits  western  border  of  Bed  Sea  (Oray 
and  Frembley).  Coll.  Oeol.  Surv.  Egypt:  raised  beach  20  feet 
above  sea  at  Oharib  lighthouse  (Nos.  2,058-2,098,  Box  No.  18/). 

Cardita  (Begoina)  gubemaculum,  Beeve. 

Cardita  gubemaculumy  Keeve :  Conchologia  Iconica,  vol.  i  (1843),  pi.  ii,  fig.  9. 

DiSTBiBUTioN.  —  Beach  deposits  of  Bed  Sea  (Issel,  Oray  & 
Frembley) ;  Bed  Sea  (Issel) ;  Aden,  Zanzibar,  and  Madagascar 
(E.  A.  Smith).  Coll.  Oeol.  Surv.  Egypt:  raised  beach  20  feet 
above  sea  at  Oharib  lighthouse  (Nos.  2,058-2,098,  Box  No.  18/; 
Nos.  2,090-2,105,  Box  No.  20; ) ;  50  foot  beach  at  Gemsah  (Nos. 
2,031-2,057,  Box  No.  58/) ;  young  form  from  raised  beach  east  of 
Jebel  Esh  (Nos.  2,172-2,190,  Box  No.  64/). 

Tenericardia  Gomingi,  Deshayes. 

Cardita  Cnminffi,  Deshayes:    Proc.   Zool.  Soc.  London,  1852,  p.  102,  pi.  xvii, 
fig.  15. 

DiSTBiBUTiON. — Aden  (B.M.) ;   Aden  and  Borneo  (E.  A.  Smith). 

Coll.  OeoL  Surv.  Egypt:   50  foot  beach  at  Oemsah  (Nos.  2,031- 

2,057,  Box  No.  58/). 


Family  ARCTICID^  (=CYPEINIDiE). 
Libitina  oblonga,  Linnffius. 

Ciama  ohloiiga,  Limiitus:  Sy-sb>md  NiituiM-.  lOth  ol.  (1758),  p.  693  (  =  (7inSM«. 
Lamitrokj. 
DtSTStBDTiON. — Beaoh  deposits  of  the  Bed  Sea  (Isael)  ;  Aadftman 
Islands  and  Polynesia  (B.M.).  Coll.  Geol.  Surv.  Egypt:  raised 
beach  20  feet  above  sen  at  Gharib  lighthouse  (Nos.  2,090-2.105. 
Box  No.  "Oj);  raised  beach  80  feet  above  sea,  Camp  6.  north  of 
Wadl  Qneh,  west  of  Kosseir  (Nos.  1,G46,  1,647,  Box  Na  7S». 

Family  LUCINIDjE. 
Loripei  globosa,  Forskal. 

Vemu  glaioaa,  ForskaJ :   Desc.  Aainialium,  177*,  So.  S3,  p.  122. 

Distribution. — Beach  deposits  western  border  of  Bed  Sea  (Otnj 
and  Prembley) ;  Gulfs  of  Akaba  and  Suez  (Issel) ;  Bed  Sea  (B,M.}. 
Coll.  Geol.  Surv.  Egypt:    beach  east  of  Gharib  (Nos.  3,227-2,254, 

Ootakia  auvanta,  B«em  p*t  tttt,  ng.  4.) 
ZMdMMNM|M»«li^BMTa:  0aMbal<^lMita,TaL<ri9BH),fLl,«g.4. 
DuniBmoK. — ^HondoiM  (Bmm— thta  loatlthr  b  doabtad  fcf 
Ur.  K  A.  Smith) ;  North  AtatnOim  AdM,  B*d  8n.  «!»  (K.  A. 
IteiiA).  OoQ.  GfloL  Burr.  Sgni:  bMoh  AMt  ei  Ofmnb  (Hm. 
2i927--2,2S4,BozNo.l7/):  t^tltd  boM^  80  fM  ibore  am,  Cham  S, 
Wftdi  On^  (STo.  1,645,  Box  No.  B7k ;  No.  1,58^  Bos  No.  SU ;  W 
1,667,  Box  No.  26h) ;  niiwd  buoh,  Cfunp  6,  Wsdi  Oneh  fNo.  1,674, 
etc,  Box  No.  G2k) ;  raised  beaoh  north  of  Eoseeir  (No.  2,130,  Box 
No.  45/;  No.  2,111,  Box  No.  46>;  Nob.  2,121-2138,  Box  No.  fiOj); 
raised  beaoh  300  feet  above  sea.  Camp  S,  Wadi  Hamraven  (No. 
1,563,  Box  No.  18ifc). 

Codakia  fibula,  Beeve. 

Zutinafiiuia,  Reave:  Conchologia  Iconica,  vol.  vi  (1860),  pi.  vu,  fig.  S3. 

DiOTBiBCTioK.  — Red    Sea    (B.M.).     Coll.  Geol.   Surv.   Egypt: 

raised  beaoh  20  feet  above  sea,  Gharib  lighthoase  (Not.  2,058-2,098, 

Box  No.  ISy) ;   raised  beaoh  80  feet  above  sea.  Camp  6,  Wadi  Qneh 

(No.  1,557,  Box  No.  251). 

Family  TELLINID.^. 

Tellina  remiei,  Linnaane. 

Ttllma  rftniei,  Linnsens ;  Syatama  Natune,  10th  ed.  (1TS8),  p.  6TS. 

DisTBisnTioN.  —  Australia    (B.M.).     CoIL    Geol.    Surr.    E^Tpt: 

raised  beaoh  80  feet  above  sea.  Gamp  6,  north  of  Wadi  Gneh,  west 

of  Kosseir  (No.  1,645,  Box  No.  76/). 

Tellina  rogosa,  Bom. 
TfUiiM  rugoia.  Bom:  Teitacea  Has.  Cnsarei  Yindoboueiuij,  1780,  pi.  ii,  figl.  1,  4. 
DiSTRiBtiTioH. — Beaoh  deposits  on  the  westem  shore  of  Bed  Sea 
(Gray  &  Frambtey) ;  New  Caledonia,  etc  (B.M.).  Coll.  QeoL  Sarv. 
£gypt:  raised  beach  80  feet  above  sea,  Camp  6,  north  of  Wadi 
Gneh,  west  of  Kosseir  (Nos.  1,646,  1,G47,  Box  No.  76/) ;  raued 
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^beach,  Camp  6,  Wadi  Gueh  (No.  1,600,  Box  No.  57k ;  Nob.  1,574, 
«ta,  Box  No.  62ik). 

Tellina  (Tellinella)  sulcata,  Wood. 

TUlina  sulcata,  "W.  "Wood:  General  Conchology,  1815,  p.  178,  pi.  xlvii,  fig.  1. 

Distribution. — Red  Sea,  Aden,  Philippines  (E.  A.  Smith).  Coll. 
"Qeol.  Surv.  Egypt :  raised  beach.  Camp  6,  Wadi  Gueh  (Nos.  1,574, 
etc.,  Box  No.  62k). 

Entellina  (Peronea=Psammotella)  rosea,  Gmelin. 

TelUna  roiea,  Gmulin :  Systema  Natonc,  13th  ed.  (1790),  p.  3,238. 

DiSTBiBUTioN. — Red  Sea  (B.M.).  Coll.  Geol.  Surv.  Egypt  : 
Recent  beach  south  of  Gharib  lighthouse  (Nos.  2,198-2,216,  Box 
No.  53^) ;  50  foot  beach  at  Gemsah  (Nos.  2,031-2,057,  Box  No. 
58y) ;  an  abnormal  form  from  beach  e^t  of  Gharib  (Nos.  2,227- 
2,254,  Box  No.  17/). 

Arcopagia  scobinata,  Linnsdus.    (PI.  XXI,  Fig.  1.) 

Tellina  $eobinata,  Linnseus :  Systema  Natane,  10th  ed.  (1758),  p.  678. 

Distribution. — Isle  of  Reunion ;  Gulf  of  Akaba  (Issel).  Coll. 
Geol.  Surv.  Egypt :  raised  beach  80  feet  above  sea.  Camp  6,  Wadi 
Gueh  (No.  1,584,  Box  No.  23jfc). 

Family  DONACID^. 
Donax  trifiuciatiis,  Reeve. 

Donax  trifasciattUf  Reeve:  Conchologia  Iconica,  vol.  viii  (1854),  pi.  ii,  fig.  7. 

Distribution. — Philippines  (B.M.).  Coll.  Geol.  Surv.  Egypt: 
beach  against  old  island  west  of  Camp  51,  south  of  Gharib  light- 
house (Nos.  2,021-2,030,  Box  No.  57/). 

Family  MACTRIDiE. 
Mactra  olorina,  Philippi. 

Mactra  olorina,  Philippi :   Abbild.  und  Besch.  Conchjlien,  vol.  ii  (1847),  p.  72, 
pi.  ii,  fig.  2. 

Distribution. — Gulf  of  Suez  and  in  the  Red  Sea  beach  deposits 

{Issel).     Coll.  Geol.  Surv.  Egypt:   Recent  beach  south  of  Gharib 

lighthouse  (Nos.  2,198-2,216,  Box  No.  53y). 

Family  VENERIDiB. 
Venus  reticulata,  LinnsBus.    (PI.  XXI,  Fig.  2.) 

Ventu  reticulata,  Linnffios :  Systema  Natursc,  lOtb  ed.  (1758),  p.  687. 
Distribution.  —  Red  Sea  beach  deposits  (Gray  &  Frembley) ; 
Oulf  of  Akaba,  Madagascar,  Philippines,  Society  Islands,  and  the 
•Red  Sea  beach  deposits  (Issel);  Red  Sea,  Aden,  Persian  Gulf, 
Indian  Ocean,  etc.  (E.  A.  Smith).  Coll.  Geol.  Surv.  Egypt :  raised 
beach  80  feet  above  sea.  Camp  6,  north  of  Wadi  Gueh  (No.  1,648, 
Box  Nos.  3y  and  77^;  No.  1,563,  Box  No.  26 A;) ;  Recent  beach 
between  Jebel  Mellaha  and  Jebel  Zeit  (No.  2,168,  Box  No.  6/); 
raised  beach  20  feet  above  sea  at  Gharib  lighthouse  (Nos.  2,090- 
2,105,  Box  No.  20y) ;  raised  beach  No.  2,  west  of  Kosseir,  520  feet 
above  sea  (No.  1,579,  Box  No.  13A;) ;  raised  beach  300  feet  above 
«ea,  Camp  5,  Wadi  Hamrawen  (No.  1,553,  Box  No.  18ik);  raised 
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beach,  hill  north-west  of  Camp  7.  Wadi  Abu  Shigeleb,  5G0  feet 
abova  Bea  (No.  1,627,  Box  No.  191:].  . 

Chioae  OOStellifeta,  Adams  &  Beeve.  | 

VmiH  caitaUiJera,  Adams  &  R«u*e ;  Zool.  Voy.  "  Battuming,"  18i8,  p.  79,  pi.  in. 
Bg.  18. 

DiBTBiBUTiON — PbUippines  (B.M.).  Coll.  Gool.  Surv.  Egypt: 
raised  beach  20  feet  above  sea  at  Gharib  b'ghthouBo  (Noa.  2,058- 
2,098,  Box  No.  18y). 

Callista  florida,  Lamarck. 

VeiwiJUiTiiia,  Lamarck  i  Hiai,  Nut.  Aiiim.  sunn  Vert.,  »ol.  v  (1818),  p.  60!. 
DiSTBiDUTiOH.  —  Suez,  Madogaaoar,  Mozambique,  Pacific  Ocean, 
New  Holland,  and  Red  Sea  beach  depOBita  (IsBel) ;  Bed  Sea,  Aden, 
Persiau  Gulf,  MoKambique,  MadagaBoar,  Seychelles  (E.  A.  Smith). 
Coll.  Geol.  Surv.  Egypt :  Beceut  beach  south  of  Gharib  lighthoQH 
CNos.  2,198-2,2ie,  Box  No.  53/). 

Callista  (like)  coBtata,  Ghemuitz. 
Vimu  CMlala,   Chemnitz;    Conctjlifn-Cahioel,   vol.  li  (1795),  p.  22G,   pi.  ccii. 
flS-  1,8". 

'  DtBTiummoB.  —  Fhi^ipfDM  (B.K.).  Ooll.  Qeti.  Barr,  JSajpt: 
nised  beaoii  north  of  KoMeir  (No.  2,111,  Box  Ho.  46/);  tadi 
Ko.  2,  north-weat  of  Ckunp  40.  jimn  «wt  of  Jebel  MdUu,  oMt  of 
Bod  Sea  Hilla  [No.  2,268,  Box  No.  i9i). 

Oixoa  sqninoa,  Ohemnibb 

Vmm*  MuiwM,  dMuib:    Cmehyliai-Oiiiiwt,  toI.  li  (1796),  p.  3U,  fL  seOp 

9g.  1,980. 

Distribution. — PhilippineB  (B.U.).     Coll.  Qeol.  Surv.  Egypt: 

raised  beach  60  feet  above  aea,  Camp  6,  Wadi  Qoeh  (No.  l,w>T, 

Box  No.  25k). 

Circe  oormgata,  Chemnitz. 
V*nut  eomigata  plana,  Chemnitz  :  Conchjiien- Cabinet,  vol.  vii  (1784),  p.  li, 
pi.  xiiii,  figs,  410,  411. 
DiSTBTBDTioN. — Suez  [Issel)  ;  Bed  Sea,  Persian  Gulf,  Aden, 
Madagascar,  New  Holland  (E.  A.  Smith).  CoIL  Geol.  Surv.  I^t : 
raised  beach  80  feet  above  sea.  Camp  6,  Wadi  Queh  (No.  1,657, 
Box  No.  26k). 

Ciroe  oallipT^ia,  Bom. 

Vmut  eallifygia,  Born :  Teetacea  Hub.  CiesBrei  Vindaboneuia,  17S0,  p.  68,  pi.  t. 
Eg.  I. 
DisTKisrTion.—Gulf  of  Akaba,  Bed  Sea,  and  beach  deposits  of 
Bed  Sea  (Isael) ;  Bed  Sea  and  Aden  (£.  A.  Smith).  Coll.  OeoL 
Surv.  Egypt :  raised  beach  east  of  Jebel  Esh  (Nob.  2,17^^,190, 
Box  No.  64;). 

Ciroe  (Liooonoha)  lentd^inoBa,  Chemuits. 
Ymvt  ImUiginMa,  ChemDitz :  Conchylien- Cabinet,  vol.  li  (179S),  p.  323,  pL  cdr 
figs.  1,963,  1,984. 

DiSTBiBDTioN. — Bed  Sea  and  beach  deposits  of  Bed  Sea  (IbbbI)  ; 
Bed  Sea  and  Madagascar  (B.M.).  Coll,  Geol.  Surv.  Egypt:  Beoeat 
beach  south  of  Gharib  lighthouse  (Noa.  2,1&8-2,216,  Box  No.  &Zj); 
beaoh  agunst  old  ialand  west  of  Camp  51,  south  of  Gharib  lighthoiu» 
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(No8.  2,021-2,030,  Box  No.  57j) ;  raised  beach  80  feet  above  sea. 
Camp  6,  Wadi  Gueh  (No.  1,610,  Box  No.  27k). 

Circe  (Crista)  pectinata,  Linnsdus.    (PI.  XXI,  Fig.  3.) 

FtmiM  pectinata,  LmnseuB:  Sjstema  Natane,  10th  ed.  (1758),  p.  689  (-Cytherea 
SaviffHifif  JoDas). 

DiSTBiBunoN. — Suez  and  Bed  Sea  beach  deposits  (Issel) ;  Bed 
Sea,  Indian  Ocean,  Aden,  Moluccas,  eta  (E.  A.  Smith).  Coll.  Oeol. 
Surv.  Egypt :  plain  between  Bas  Gemsah  and  Jebel  Zeit  (No.  2,224, 
Box  No.  12y) ;  beach  east  of  Gharib  (Nos.  2,227-2,254,  Box  No. 
17/) ;  Becent  beach  between  Jebel  Mellaha  and  Jebel  Zeit  (Nos. 
2,162-2,167,  Box  No.  2iy) ;  Becent  beach  south  of  Gharib  light- 
house  (Nos.  2,198-2,216,  Box  No.  53;) ;  beach  against  old  island 
west  of  Gamp  51,  south  of  Gharib  lighthouse  (Nos.  2,021-2,030, 
Box  No.  57y) ;  raised  beach  east  of  Jebel  Esh  (Nos.  2,172-2,190, 
Box  No.  64y). 

Tapes  virgineus,  Linnsdus. 

Venm  virffima,  Linxweus  :  Systema  Natura;,  12th  ed.  (1767),  vol.  i,  pt.  2,  p.  1,136. 
DiSTBiBUTiON. — Aden,  New  Holland,  China  Sea  (E.  A.  Smith). 
Ck>ll.  GeoL  Surv.  Egypt :  Becent  beach  south  of  Gharib  lighthouse 
(Nos.  2,198-2,216,  Box  No.  5Sj). 

Sonetta  effossus,  Hanley. 

Cytherea  effoutty  Hanley:  Proc.  Zool.  Soc.  London,  1842,  p.  123. 

DiSTRLBUTioN.  —  Philippines  (B.M.).  Coll.  Geol.  Surv.  Egypt: 
raised  beach  20  feet  above  sea  at  Gharib  lighthouse  (Nos.  2,058- 
2,098,  Box  No.  18/). 

Dosinia  laminata,  Beeve. 

Artemis  laminatay  Reeve :  Conchologia  Iconica,  toI.  vi  (1850),  pi.  rii,  fig.  41. 

DiSTBiBUTiON.  —  Philippines  (B.M.).  Coll.  Geol.  Surv.  Egypt: 
60  foot  beach  at  Gemsah  (Nos.  2,031-2,057,  Box  No.  58^) ;  raised 
beach  east  of  Jebel  Eah  (Nos.  2,172-2,194,  Box  No.  64y). 

Dosinia  radiata,  Beeve.     (PL  XXI,  Fig.  5.) 

Artemis  radiata,  Reeve :  Conchologia  Iconica,  vol.  vi  (1850),  pi.  vii,  fig.  37. 

DISTBIBUTION. — Bay  of  Suez  (Issel).  Coll.  Geol.  Surv.  Egypt: 
plain  between  Bas  Gemsah  and  Jebel  Zeit  (No.  2,222,  Box  No.  8/); 
Becent  beach  south  of  Gharib  lighthouse  (Nos.  2,198-2,216,  Box  No. 
53/);  raised  beach  east  of  Jebel  Esh  (Nos.  2,172-2,190,  Box  No. 
64/) ;  raised  beach  300  feet  above  sea,  Camp  5,  Wadi  Hamrawen 
(No.  1,553,  Box  No.  18Aj)  ;  beach  No.  2,  north-west  of  Camp  40, 
plain  east  of  Jebel  Mellaha,  east  of  Bed  Sea  Hills  (No.  2,257,  Box 
No.  29A). 

FamUy  CABDIID^. 
Cardium  leuoostoma,  Bom. 

Cardium  leveostotna,  Born:    Testacea  Mus.  CuBsarei  Vindobonensis,  1780,  pi.  iii, 
figs.  6,  7. 

DiSTBiBUTiON. — Indian  Ocean  (B.M.).     Coll.  Geol.  Surv.  Egypt: 

Becent  beach  south  of  Gharib  lighthouse    (No.  2,198-2,216,  Box 

No.  53/) ;  a  cast  allied  to  this  species  from  beach  No.  2,  north-west 

of  Camp  40,  plain  east  of  Jebel  Mellaha,  east  of  Bed  Sea  Hills 
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(No.  2,257,  Box  Nr>.  27A);  cast  of  probiibly  lliis  s)feGies  from  rwied 
buacb,  hill  north-west  of  Camp  7,  Wadi  Abu  Shigeleh,  560  feet 

ftboTo  sea  (No.  1,627,  Box  No.  19t). 

Cardimn  mbicimdTUii,  Beeve. 

Cardium  riihietiiidum,  R«eve ;   Couthnlogin  loonies,  vol.  ii  (1844),  pi.  ii,  Eff.  41 
(=0.  inagnaiH,  Chenuuti,  vide  late]). 

DiSTKiBUTioN.  —  Gulf  of  Suez  (Isael);  Aden,  Zanzibar  (E.  A. 
Smith).  Coll.  Geol.  Surv.  Egypt:  raised  beach  east  of  Jebel  Esfa 
(Nos.  2,172-2,190,  Bos  No.  64/). 

Iffivicardimn  (like)  oblongnm,  Omelin. 

Cardiam  oi/oryuM,  Graelin :  Sptemn  Nature,  lol.  i  (1790).  pt,  6,  p.  3,2S4. 

DiSTBrBUTiON.  —  Meditermnean  (Gmelin).  Colt  Geot.  Suit. 
Egypt :  beach  No.  2,  north-weat  of  Oiimp  40,  plain  east  of  Jebal 
Mollaba,  east  of  Red  Sea  Hills  (No.  2,258,  Bos  No.  29i). 

Hemicardinm  (Opisocardium)  auiiculam,  Forakal. 
CardiuM  aaricitlmn,  Forskol :  Desc.  Animaliani,  1775,  No.  62,  p.  133. 
DieTniDtTioN. — Gulf  of  Akaba,  Bay  of  Suez,  and  beach  deponta 
of  tbe  Ked  Sea  (lasel).      Coll.  Geol.  Surv.  Egypt :    raised  beaob 
20  feet  above  sea  at  Gharib  lighthouse  (Nob.  2,090-2,105.  Box  Na 
20y)  ;  Recent  beaoh  west  of  Jebel  Zeit  (No.  2.157,  Bos  No.  72;').  i 

Family  TRIDACNID--E.  | 

:  XlidMU  gigu.  Liaiuaiu.    (Toung  ferms.)    (PL  XXI,  Fig.  a) 
TVUmm  figtt,  Lhiueni :  Syrtema  Ifatnra,  10th  ad.  (ITH),  p.  Ml. 
DiaTBiBDTioN. — Beaoh  deposits  near  EoBseir  (Frau,  B.M.)-    CoU. 
<3«ol.  Surv.  Egypt :  Beoent  beaoh  between  Jebel  Hellaha  and  Jebal 
Zeit  {No.  2,161,  Bos  No.  7j) ;  Recent  beaoh  south  of  Gharib  Iigh^ 
house  (Nob.  2,198-2,216,  Bos  No.  53j). 

Family  CHAMID.a3. 
Chama  oornnoopife.  Reeve. 

-CKoiiM  eornuiopia,   Reeve :    Concholo^   Iconics,  vol.  iv  (1846),   pi.  iv,  fig.  ti 
( =  C.  Corbicrei,  Jonas,  tide  IsmI)  . 

DisTBiDQTioN. — Beaob  deposits  of  the  Bed  Sea  (Issel) ;  Gulf  of 
Akaba  and  Suez  (Issel) ;  Red  Sea  (B.M.).  Coll.  Geol.  Sarv.  Egypt : 
raised  beaoh  20  feet  above  sea  at  Gharib  lighthouse  (Noa.  2,090- 
2,106,  Box  No.  20y) ;  Recent  beaeh  south  of  Gharib  lighthouse  (Nos- 
2,198-2,216,  Box  No.  53^). 

Chama  Jskeai,  Reeve. 

Chaiita  Juttti,  Reere :  Concholagia  Iconica,  vol.  iv  (1847),  pi.  vii,  &g.  89. 

DisTBiBUTioN. — Isle  of  Luzon,  Philippines  (B.M.).     Coll.  Geol. 

Surv.  Egypt :  raised  beaoh  20  feet  above  sea  at  Gharib  lighthoow 

(Nob.  2,0S8-2,098,  Bos  No.  18». 

Chama  nivalu.  Reeve. 

Chama  nivaliM,  Reeve  :  CunclialoKia  IcoDtcn,  vol.  iv  (1346),  pi.  Iv,  fig.  IT. 

DieTKiBDTtoN.  —  AuBtralia  (B.M.).  Coll.  Geol.  Surv.  f^pt: 
beaoh  east  of  Gharib  (Nob.  2,227-2,254,  Bos  No.  17j);  Eeoent 
beach  south  of  Gharib  lighthouse  (Nos.  2,198-2,216,  Bos  No,  o3j) ; 
^0  foot  beaoh  at  Gemsah  (No.  2,038,  Box  No.  62/) ;   raised  beaoh 


R.  Bulhn  Newton — Shells /ram  Raised  Beaches^  Red  Sea.     557 

east  of  Jebel  Esh  (Nos.  2,172-2,190,  Box  No.  64/;  No.  2,179, 
Box  No.  66/) ;  raiaed  beach  80  feet  above  sea,  Camp  6,  north  of 
Wadi  Gueh,  west  of  Kosseir  (Nos.  1,665-1,667,  Box  No.  8iy); 
raised  beach  No.  2,  west  of  Kosseir,  520  feet  above  sea  (No.  1,581» 
Box  No.  16fc). 

Family  GARIDiB  (=  PSAMMOBIIDiE). 
Asaphis  deflorata,  Linnceus. 

Venm  dejlorata,  Llnna'us:  Systema  Natanc,  10th  ed.  (1758),  p.  687. 
DiSTBLBUTiON.  —  Bed    Sea,    Indian    and    Pacific    Oceans,  Aden 
(E.  A.  Smith).      Coll.  Geol.  Surv.  Egypt:    raised  beach  20  feet 
above  sea  at  Gharib  lighthouse  (Nos.  2,090-2,105,  Box  No.  20/). 

Family  MYID^. 
Lutraria  intermedia  (Deshayes  MS.),  Reeve. 

Muodeama  intermedia,  Beeve:  Conchologia  Iconica,  vol.  \iii  (1854),  pi.  iii,  fig.  17. 
DiSTBiBUTiON.  —  Zanzibar    (B.M.).      Coll.   Geol.   Surv.   Egypt : 
Becent  beach  south  of  Gharib  lighthouse  (Nos.  2,198-2,216,  Box  No. 
5Bj) ;  60  foot  beach  at  Gemsah  (No.  2,031,  Box  No.  69/). 

Corbula  coneata,  Hinds. 

CorbtUa  cuneatOf  Hinds :  Proc.  Zool.  Soc.  London,  1843,  p.  55. 

Distribution. — Philippines  (B.M.).  Coll.  Geol.  Surv.  Egypt: 
raised  beach  20  feet  above  sea  at  Gharib  lighthouse  (Nos.  2,090- 
2,106,  Box  No.  20y). 

Corbnla  Taheitensis,  Lamarck. 

Corbula  Taheitensis,  Lamarck :  Hist.  Nat.  Anim.  sans  Vert,,  vol.  v  (1818),  p.  496. 

Distribution. — Tahiti,  New  Guinea,  Philippines,  Aden  (E.  A. 
Smith).  Coll.  Geol.  Surv.  Egypt :  raised  beach  20  feet  above  sea 
at  Gharib  lighthouse  (Nos.  2,090-2,105,  Box  No.  20y) ;  Ras 
Shokhair,  west  coast  of  the  Gulf  of  Suez,  north-east  of  Camp  50 
(No.  2,267,  Box  No.  37^). 

Family  PHOLADIDiE. 

Martesia,  sp. 

Distribution. — Coll.  Geol.  Surv.  Egypt :  Ras  Shokhair,  west  coast 
of  the  Gulf  of  Suez,  north-east  of  Camp  50  (No.  2,269,  Box  No.  39A). 


LITERATURE. 

Several  papers  have  been  written  on  the  concholopfical  fauna  of  the  beach  deposit** 
of  the  Rea  Sea  and  other  parts  of  Egypt,  but  as  the  subject  is  so  intem'oven  with 
the  history  of  the  actual  living  forms  ot  the  Red  Sea,  the  following  list  of  titles  is 
compiled  so  as  to  include  the  more  important  contributions  dealing  with  both  aspects 
of  the  subject. 

Beyrich,  E. — "  Uebcr  geognostische  Beobachtungen  G.  Schweinfurth's  in  dor 
Wiisto  zwischen  Cairo  und  Sues  *'  :  Sitz.  Akad.  Wiss.  Berlin,  1882, 
pp.  163-178. 

Brocchi,  O.  B. — **  Catalogo  di  una  seric  di  conchiglie  raccolte  presso  la  costa 
Africana  del  Golfo  Arabico  dul  signor  G.  Forni  "  :  Mem.  inserita  nella 
Biblioteca  Italiano  [about]  1820.  (A  rare  work  not  seen  by  present  writer; 
it  is  reviewed  and  abstracted  in  Issel's  "  Malacologia  del  Mar  Rosso.") 

Caramagna,  O. — **  Catalogo  delle  Conchiglie  Assabesi"  (  =  Southern  Red  Sea): 
Bull.  Soc.  Mai.  Italiana,  vol.  xiii  (1888),  pp.  131-141,  pi.  vUi. 
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OBrnmaKim,  S- — "Cono^iFTlifl  raccolU  in  Adini  Beibera  e  Zeila  "  :  Boll.  Soc.  Uil 

Itdiana.  toI.  xW  (188B),  pp.  H2-H8- 
CoDkf,  A.  3.~-  On  the  MoUuiscaii  Fnunn  uf  the  Golf  of  Suez  in  its  lidntion  to  Uul 

of  other  sriia "  (  Ann,  Mag.  Nut.  Hist.,  "er.  v.  »ol.  x\iu  (18881,  pp.  380-3S7. 
JUeher,  P.—"  Note  sat  Iw  Fannwi  CiwchyiiologiquM  dan  deux  rimgra  de  I'lslbme 

de  Snen  " ;  Jonm.  Concliyliologie,  laefi,  pp.  341-248. 

"  Sur  In  F«unoConcbyKolftpque  marine dwBnioB  do  Snei  etdc  TAIabsh": 

Jouni.  Conelijliologio,  1870,  pp,  161-170.  (Thin  puprr  inclndce a  list  olihf 
species  found  in  the  Quiitcnmiy  depuiiu  siirroundinE  the  OittPt  Lakn.) 

"  Sor  la  Ptuue  Conch  jUolngiqoe  marine  de  la  Baie  de  Suez":   Jotai. 

Conch Tliologie,  1871,  pp.  309-318. 

Fraai.  Oiaor.— "  Ana  dem  Orient.  Qeologische  Beohachnm^en  bid  NO,  ini  do 
Stoiu-HalbinBe],  nnd  in  Byrien."  186T,  pp.  174-ISG.  IGi\a,  a  list  of  «peaa 
found  in  the  raised  beaches  neur  Eoaseit  and  Sinai.) 

Faclia,  ThMdor. — ''Die  Oeologiiche  Bcschaffenhdt  der  Landenge  von  Sou": 
Denkich.  k.    Akad.   Wise.  (WieuJ,  vol.  mviu  (1877).  pt.    2,  pp.  25-42. 

Sh.  i-Ui  [fieurea  of  PleialOHine  ahfjla  and  geological  map  of  disliict). 
.  E.,  ft  ^amhlsy.— "  Fos-nl  Shelja  fiom  the  WeBtam  Botdeis  uf  the  M 
Sea":  in  Lycll's  "  rrinciulesol  Geology," Ut  Bd.,Tol.  iii(183S),  appendiiS, 
p.  57.  (Thi8  appesrs  lo  bo  the  earli^  puhlj«hed  list  of  roollOBcan  Tenuiw 
from  the  Red  Sw  deposits.) 
Iliel,  A.  — "  CoDudertiunni  •j^enpnili  mlla  Fauna  MalaroloBJii  del  Mar  Bim 
B  Buoi  rapporti  colle  Fanoe  limitrose"  :  in  I^sel'e  "  Molacologia  del  Mu 
Rosau,"  1869,  pp.  3-43. 

"  CoiuMgtie  inesili  delle  spiagge  emerse":    io  lascl's  "  Malacologis  del 

Mnr  Hosso,"  1869,  pp.  17-28. 

"  Catalogo  dei  Uullnschi  rnccolU  npl  Mar  Boaso  "  ;  in  Iseel'e  "  Ualamlnfia 

del  Mar  Hwwo,"  1869.  pp.  49-242,  279-387.  | 

"Spicgauone  delle  Tavole  di  MoUuKhi  s  di  CuochigUe  eaeeiiite  Mtio  1*     i 

dire)!ione  di  O.  C.  Savigny.  compreie  netl'  opera  intittioUla  '  Oesorintiim  i» 
TEgypli^""  r  in  lawl'a  "  MalaeologindBl  Mar  Roaao,"  1BB9,  pp.  309-373.       | 

"datalogn  delle  Conchiglie  foniti  racrolle  ndle  spiaggu  amme  del  Nv 

Eneso  " :   in  IsmI's   "  Malacologia  del   Mur  Roa'Mi,"'   1BR9.  pp.  246-SOS, 

deposit*  of  district.) 
. "  Eesai  8ur  I'Origine  et  la  Formation  de  la  Mer  Bonge  "  :  Bull.  Soc.  Beige 

G&)1.,  Tol.  siii  (1900),  pp.  66-84. 
JOBU,   J.  H. — "  UnbeBchriebene    KoDchylien   ie»   Bolhen   Hearea":     Zeitid. 

Malakozoologie  (Menke  &  Pfeiffer),  1846,  pp.  65-67. 

"Beitrag  zur  Ericliining  dei  in  der  '  Deacnption  de  I'Efmite  *  abgebildeto, 

nebat  Beachreibune  einiger  anderer  im  rothen  Meeie  and  den  ansTeniendai 
liindem  lebender  Hatluaken  "  ;  Zeitech.  Halalioiool(^e  (Henke  &  Ffeiffer), 
1846,  pp.  69-64,  120-127. 

JaQHWnma,  r. — "Description  des  Mollnaques  recneillii  par  U.  le  Dr.  Fanrot 
dana  Is  Mer  Kouge  et  le  Golfe  d'Aden"  :  H£m.  SoC.  Zool.  FiBnoe,  Tol.  i 
(1888),  pp.  166-223. 

■uAndrev.  B.^"  Beport  on  the  Teitaceous  Mollusca  obtained  during  a  Dredging 
EicurxionintheOnlf  of  Suez  in  the  monthe  of  February  and  March,  1869": 
Ann  Mag.  Nat.  Hirt.,  ser.  iv,  vol.  ri  (1S70),  pp.  429-450.  (Thia  autbor 
snpporta  Iwel'a  theory  that  the  Medit^Tanun  and  Bed  Saa  wars  nnikd 
dnnng  Eocene  and  Miocene  times.) 

Kartan*.  B.  Ton.^"  Verzeichntu  der  Ton  Dr.  E.  Schvunfnrtli  im  SonuDsr  ISM 
anf  seiner  Reiie  am  rothen  Meere  geiammelten  nnd  Dach  Berlin  eingeMndetw 
zoologischeD  gcgenatande"  :  Verhandl,  k.k.  Zool.  Bot.  0«i.  Wien,  toL  in 
(IBBHj.p.  381. 

Xayar-Symu,  K. — "  Systemstiaches  Yerzeichniss  der  Fauna  dea  nnteren  Sahariannm 
(Marines  Qunrtaer)  der  Umgegend  ran  Kairo,  nebat  Beachreibang  der  neuen 
Arten":  Palseontogiaphica.  loi.  ui  (1898),  pt.  2,  pp.  60-90,  [d.  ni. 

Vanmayr,   K. — "Pliocane   Meereekonehj'Uai   ana   A^rpleu"  ;    Verhandl.   k-t. 

Sol.  Reicha,  1887,  p.  350.     (Gives  lists  of  sheila  from  depodta  at  Wadi 
ellaha.) 
.••Tigii;,  I.  C— Plates  to  Andouo'a  "  Description  de  I'EgTpte,"  IS17  (Hilt.  ITat., 
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Smith,  E.  A.— <*  Shells  from  the  raised  Sea-bed  at  Moees'  Wells"  (**  Ayun  Musa/' 

at  the  head  of  the  Gulf  of  Suez) :  in  Hull's  **  Memoir  on  Arabia  Petraia, 

Palestine,  etc.,"  1886,  p.  72. 
"  On  a  collection  of  Marine  Shells  from  Aden,  with  some  remarks  upon  the 

Belationship  of  the  Molluscan  Fauna  of  the  Bed  Sea  and  the  Mediterranean  " : 

Proc.  ZooL  Soc.  London,  1891,  pp.  390-436,  pi.  xxxiii. 
Trif  tram,  H.  B. — **  Report  on  the  Terrestrial  and  Fluviatile  Mollusca  of  Palestine  "  : 

Proc.  Zool.  Soc.  London,  1865,  pp.  630-646. 
Tryon,  S.  W.— *•  Manual  of  Conchology,"  1880-1891,  vols,  ii-xiii. 
Y^llant,  L. — *' Kecherches  sur  la  Faune  Malacolo^ue  de  la  fiaie  de  Suez"  : 

Joum.  Conchyliologie,  1865,  pp.  97-127,  pi.  vi  (para). 
Woodward,  8.  P — "Geographical  Distribution  of   the  Mollusca,"   Indo-Pacifio 

Province  (Red  Sea  and  Persian  Gulf) :  in  "  A  Manual  of  the  Mollusca,"  1880, 

4th  ed.,  pp.  71-74. 

EXPLANATION  OF  PLATE  XX. 

Fig.  1. —  Turbo  radiatits,  Gmelin.    20  feet  above  sea,  Gharib  lighthouse.     Back 

view  of  medium-sized  specimen. 
Fio.  2. — Canarium  gibhei-ulum^  Linnaeus.     Jebel  Zeit.     Back   view  of  specimen 

with  varicosed  spire. 
Fio.  3. — Strombus  faseiatua.   Bom.      Between    Jebel    Mellaha  and  Jebel  Zeit. 

Specimen  showing  colour-markings  and  characteristic  tuberculations  at 

the  shoulder. 
Fio.  4. — Clanculm  FharaoniuSj  Linnsus.     20  feet  above  sea,  Gharib  lighthouse. 

Specimen  exhibiting  the  typical  granulate  ornamentation. 
Fio.  5. — Basal  view  of  same,  with  umoilicus  surrounded  by  radial  plicffi. 
Fio.  6. —  Terebra  duplieata,  Linnajus.    Jebel  Zeit.     Front  view  of  sheU,  showing 

the  smooth,  depressed  ribbing  of  this  species. 
Fio.  7. — Terebra  itweutnta^  Linnaeus.     North  of  Ras  Mohamed  or  Ghazlandi  Bay. 

Front  aspect  of  specimen,  with  original  colour -bands. 
Fio.  8. — Ccmm  nuaaatella^   Linnaeus.     East  of  Gharib.      Specimen  showing  the 

closely-set,  granulated  striations  of  this  species. 
Fio.  9. — Conus  omaria,  Ilwass.     Wadi  Gueh,  Camp  6.     A  well-marked  specimen, 

bearing  the  triangular  white  spots  peculiar  to  this  shell. 
Fio.  10. — PUitrotmna  Oarnofisi^  Reeve.     60  foot  beach  at  Gemsah.     Shell  showing 

small  brown  spots  on  the  raised  spiral  ribs. 
Fio.  11. — Chicoreus  anguUferua^  Lamarck.    South  of  Gharib  lighthouse.    Specimen 

exhibiting  a  prominent  node  between  each  of  the  ranees. 
Fio.  12. —  Vamm  comigerumf  Lamarck.     80  feet  above  sea,  Camp  6,  north  of 

Wadi  Gueh.    A  medium-sized  specimen,  showing  the  typical  sculpture  of 

this  species. 

EXPLANATION   OF   PLATE   XXI. 

Fio.  1. — Arcopagia  acobxnata,  Linnseus.     Northern  Wadi  Gueh,  Camp  6,  80  feet 

above  sea.    Exterior  of  right  valve,  showing  the  rasp-like  character  of 

the  ornamentation. 
Fio.  2. —  Venua  reticulata^  Linnaeus.     80  feet  above  sea.  Camp  6,  north  of  Wadi 

Gueh.    Exterior  of  a  right  valve. 
Fio.  3. — Circe  peetinata,  Linnaeus.      South  of  Gharib  lighthouse.     Medium -sized 

example,  showing  characteristic  sculpture. 
Fio.  4. — Codakia  exaaperata,  Reeve.    80  feet  above  sea.  Camp  6,  north  of  Wadi 

Gueh.     External  view  of  a  left  valve. 
Fio.  6. — Dosinia  radiata^  Reeve.     South  of  Gharib  lighthouse.    External  view  of 

a  left  valve,  showing  strong  concentric  striations  and  the  growth  periods 

of  the  shell. 
Fio.  6. — Anadara  antiqttataj  Linnaeus.     Camp  6,  Wadi  Gueh.    External  surface 

of  left  valve. 
Fio.  7. — Glyeymeria  pectunculm,   Linnaeus.     Big  Bay,  south  of  Sherm,   Sinai* 

Exterior  of  valve,  showing  striped  colouring. 
Fio.  8. — Tridacna   gigaa,  Linnaeus.      Between    Jebel    Mellaha  and  Jebel  Zeit. 

External  view  of  a  left  valve  belonging  to  a  small  example  of  this 

species. 


0.  a  enek—'*  SamHk*  ixmOmim.*^ 

EXPLANATION   OF   PLATE  XSIL 

iin/ip*i(i,  vnr,  Sotrani  {mr.  not,).    Run  Ohuib.     Front  tiil 

womiuni,  shaning  the  elongiilo  perfuratioa, 
Via,  %. — Ij^ml  kijpert  of  eame  BpenmeD. 

Jfia.  S. — TntMTuI  vi«w  of  snme  ehell,  showiitK  a  neiiil}'  cinmlar  bianl  margin. 
tia.  4.— Drtifli  of  extemsl  scolptuni,  mngniHed. 
Via.  t.—AUtt\ytnia,  iL)1i«d  t"  rrista-0Blli,  Lianmua.   Norlh  oE  Eositii.    Yndmi 

Tww  of   Hpf?cini<>n.    nith  putla  nf  lioth   rnh-ra  irtbiciied,   ei[ioiiif  ttl 


Mk.    XttKDd  Tkw  of  a  lowtrnlTC. 


Fia.  ».— ArtM  r«wK,  Tvdu,    IbnUtaiioa  oj 
Vn>.  10.— CUMtyi  AM,  BmmTNaA  «f  K 

T«h»  irith  auBMwwH  riha  oraiwM  hy  ttte>  fc 

t  irtw       

■Idw.] 

TX; — ^Nora  os  KeBifPrnoMaja  aarELL^lauJt,  J.  db  0.  fi 
un>  X,  ocMTannr,  A.  H.  .Tooan. 
Bf  a,  0.  Obiox,  F,0.S.,  of  Oe  BiilU  Mimhm  (NidaU  SWiy}, 
rpHS  name  ,N'a«MM  eb'teUon'mi  WM  givaa  tn  J.  da  CL  Btnjirtjltli 
X  «  Naotiloid  from  ttie  Ooal-nMMnna,  Oo^ifOokdaliii,^||iqi^|H| 
and  the  deaoription  was  aouHnpuiiad  by  tliraa  flgoiw^  «Hfcnpi^ 
aeotiDg  a  ditferent  Bpeoimen.  In  1664*  tfae  apeoiea  ■wum  Jadtaitib 
by  ProfeBaor  Hyatt  in  hb  new  genns  Sphippioeeraa.  In  1891 
Dr.  A.  H,  Foonl '  found  a  new  speciee,  ^hippioearat  eotta&at, 
which  wae  said  to  he  "  distinguiahed  from  E.  diteUariim  (to  which 
it  is,  however,  very  closely  related)  by  the  oharaoter  of  the  septa 
and  by  the  surface  ornaments.  The  septa  in  E.  eottatum  do  not 
form  such  an  acute  lobe  upon  the  periphery  as  do  those  of 
K  eUtellarium,  and  they  are  also  a  little  wider  apart  in  the  former 
species  than  they  are  in  the  latter.  Moreover,  E.  coalafwn  is  provided 
with  prominent  transverse  costte,  which  are  strongest  upon  the  sides 
of  the  shell  where  they  swell  out  into  heavy  folds.  These  oostn  are 
directed  obliquely  backwards,  and  oross  the  septa  at  an  acul«  angle, 
passing  serosa  the  periphery  and  forming  a  shallow  ainos  in  the 
middle.  None  of  the  speoimens  in  the  British  Museum  have  the 
test  preserved,  so  that  the  ribbing  has  only  been  observed  upoa 
casts.  The  coslFe  are  equally  well  developed  upon  the  body-ohanuier 
and  upon  the  septate  part  of  the  shell  in  the  adult,  but  they  wero  either 
very  feeble  or  altogether  absent  in  the  young."  A  re-examiDatioB 
of  the  specimens  in  the  Museum  collection  shows  that  the  aepantiiw 
of  the  two  forms  is  quite  justifiable. 

Since  Dr.  FooriVs  species  was  instituted  the  British  llusenm 
collection  has  been  enriched  by  the  addition  of  two  of  Sowerby's 
figured  specimens,  viz.,  the  originals  of  his  figs.  5a  and  5b. 

'  TmnB.  Gcol.  Soe.,  rol.  t,  pt,  3  (1840),  e\pl.  of  plnt«8,  etc.,  pi.  il,  figs,  6,  6o,  *. 
'  Fiw.  BoHtuu  Soc.  Nut.  Uut.,  vol.  x\u  (18B4),  p.  290. 
"  Cat.  Foes.  Ceph,  Brit.  Mus.,  tuI.  ii  (1891),  p.  103. 
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Sowerbj's  desoription  of  his  speoies  is  as  follows  : — 

"  Globose,  Qmbilioated,  septa  namerous,  maoh  bent  in  the  middle, 
tmnoated  and  not  reourved  at  the  ends ;  siphunole  central ;  umbilicas 
small ;  aperture  above  twice  as  wide  as  long. 

**  The  length  of  the  aperture  is  1^  inoh,  the  width  2|  inches." 

In  regard  to  the  angle  of  the  septa  on  the  ventral  or  peripheral 
area,  the  presence  of  obscure  coarse  costsd,  and  the  general  form  of 
the  shell,  the  original  of  Sowerby's  fig.  6a  agrees  exactly  with  the 
type  of  Foord's  E,  coitatum ;  the  costaa  appear  to  be  almost  wanting 
on  the  earlier  portion  of  the  outer  whorl,  but  the  fossil  is  here 
•omewhat  imperfectly  preserved. 

The  specimen  represented  in  Sowerby's  fig.  56  is  a  fragment  of 
an  apparently  smooth  shell,  the  septa  of  which  form  an  angle  on  the 
▼enteal  or  peripheral  area  corresponding  almost  exactly  to  that  in 
the  specimen  figured  by  Dr.  Foord  as  E.  elitellarium.  It  appears, 
however,  to  have  belonged  to  a  rather  more  rapidly  expanding  shell 
with  slightly  more  depressed  whorls  than  the  fossil  which  Dr.  Foord 
has  figured  and  referred  to  that  species ;  in  fact,  in  these  respects  it 
agrees  better  with  the  earlier  portion  of  the  outer  whorl  of  the 
original  of  Sowerby's  fig.  5a.  Still,  the  form  of  the  septa  and  the 
apparent  smoothness  of  the  shell  lead  us  to  regard  the  specimen  as 
roeoifically  identical  with  the  example  figured  by  Dr.  Foord  as 
R  diiellarium,  J.  de  C.  Sowerby,  sp. 

As  we  have  not  seen  the  original  of  Sowerby's  fig.  5,  we  can 
make  no  observations  on  that  specimen. 

From  the  foregoing  remarks  it  will  be  seen  that  the  specimens 
figured  by  Sowerby  probably  belong  to  at  least  two  distinct  species ; 
the  original  of  his  fig.  5b  agreeing  with  Foord's  interpretation  of 
E.  elitellarium,  whilst  the  specimen  represented  in  his  fig.  5a  is 
specifically  identical  with  Foord's  E.  costatum.  It  would  then  be 
of  great  interest  to  know  where  the  fossil  represented  in  Sowerby's 
£g.  5  is,  and  to  learn  whether  its  characters  correspond  to  those  of 
the  original  of  that  author's  fig.  56,  or  to  those  of  the  example 
depicted  in  his  fig.  5ay  for  if  it  be  specifically  distinct  from  the 
fossil  represented  in  his  fig.  5a  (=  £7.  costatum,  Foord),  we  think  it 
should,  owing  to  the  fragmentary  nature  of  the  original  of  his  fig.  56, 
be  regarded  as  the  type  of  Sowerby's  species  (^E.  elitellarium). 


VEL — Note  on  Zibtbn's  Typb-Spkoimkns  of  Ammonites  polyqonius 

AND  Ammonites  discoides. 

By  G.  C.  Ckick,  F.G.S.,  of  the  Britisli  Museum  (Natural  History). 

THE  presence  of  Zieten's  type-specimen  of  Ammonites  calcar^  in 
the  British  Museum  (Natural  History)  among  some  fossils 
which  were  bought  of  Dr.  Bruckmann  naturally  suggested  an 
examination  of  the  other  fossil  Cephalopoda  obtained  from  the 
same  source,  in  the  hope  of  finding  other  type-specimens.  Thus  far, 
the  result  of  this  examination  has  been  the  discovery  of  two  more 

*  See  Geol.  Mao.,  December,  1899,  p.  554. 
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of  Zieten's  types;    these  are  the  type-speoimens  of  (i)  Amnumitei 
'■H[4i)  Ammomlet  diieoideg.' 

ndygoniua,  C.  H.  v.  Zieten,  YerBtetn.  Wiirttembergs, 
~1,  pi.  XV,  figB.  Ga,  b,  e.  Tliis  specimen  rregistei 
UWled  in  Di^  BnokMBit'i' '  '  ^' 
Ibltom !  »  JmrnmUf  futuiatm  Smikm,  i^wML  0 
BieL)  SeltoiL  Bmmsr  Jan  t  (OnMtttotiuB),  OtmiMUwaMB^ 
OB  tbe  kbd  Amm  1>m  b«en  writttKia  poiaa  Ae laltan  "Hln-OJ 


■fandMnB 
l2ebiDtl 


ig"Dr.Op|wl.'*M  I  hanbaaiialdeto«MMtdfti 
io  tb!a  MMenm  ttktt  an  «l«>[iiDr.&iHkBMm%taad«Afas. 
Hm  qwnmea  agraas  bo  mil  in  lin^  tarn,  and  oolaBr  «itt-2Mn^ 
flgizra  (azoqit  dut  tba  lattw  is  nvatisd);  Oat  Obm  oHmak  ba  BBf 
dODbt  iriutBTarabMit  its  bring  A*  tjpft-qwoinMB,  tfaa  bparfMtaa 
of  tfts  aataiiOT  part  of  tba  tSaii  baing  Momwtdy  npraaenlad;  ii 
SSatw'a  flg.  6s.  Tha  paririianr,  howaw,  i«  not  ao  jWp—  TWart 
%.  6ft  Indioatea,  but  ia  allgbtfj  tnmoatad*  owin^  to  Ow  aba— eaaf 
dia  kaaL  Tba  meoiman  ia  anting  aaptata,  bat  tin  ntam-liaak 
anh  impaHlMtlT  diqiUyad :  ita  oompleta  oontaa  canaot  ba  taaaad. 

ZiatMi  daaoiibad  Oa  apaofaa  aa  ftdlowa ;— « BfielMB  aohaii  dia 
aabrdiokan,  dac  Litaga  naoh  AJngaatoatflen  Windmigan  hfldan  <i—i 
lldbn  Nabal,  welidwr  mit  ipitrigen  KnStohan-nmge£«B  iaL  Bappw 
tiirila  oiu&ob,  tbeila  ge«abalt  SaA  dam  vialaeSgBB.DDnbaA^t 
aainar  Windnngan  banwint  Yokiaat  im  Idaa-Swate  von  KaU, 
onwait  BoU." 


From  the  above  remarks  it  will  be  aeea  that  Zieten'a  atatemant  u 
to  the  horizon  and  locality  doea  not  agree  with  the  label  which  now 
aooompaniea  the  specimen,  for  the  fossil  is  labelled  "  Brauner  Jura  ^ 
(Ornatenthon),  Gammelshausen,"  which  is  a  short  distanoe  south-east 
of  Boll,  in  Wtirttemberg,  whilst  Zieten  states  that  Uie  speciet 
ooourred  in  the  "  Lias-Schiefer  von  Zell,"  i.e.,  a  little  to  the  north- 
east of  Boll.  Aooording  to  Oppel  ("  Juraformation,"  p.  560),  iha 
species  occurs  pyritized  in  the  "  Zone  of  Ammonites  imeept "  [=the 
Brauner  Jura  £*  in  part]  at  Oberlenningen  and  Oammelahausen,  n«ar 
Boll ;  and  Quenstedt,  in  his  work  on  "  Die  Ammoniten  das  ach^b- 
isohen  Jura"  (Bd.  ii.  Heft  14-16,  1887,  p.  765,  tab.  Imvi,  fig.  10), 
describes  and  figures  the  species,  under  the  name  Ammonilei  jHuta- 
latwi  tueviau,  from  the  Brauner  Jura  t  of  Gammelshausen.  It  is 
most  probable,  then,  that  the  specimen  is  aooaratel;  labelled ;  for  it 
is  quite  evident  that  some  other  species  whioh  Zieten  attributed  to 
the  Lias  are  certainly  not  of  Liassio  age. 

It  may  be  mentioned  that  this  species  has  been  referred*  to  Denjs 
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^e  Montfort's  genus  AmalthenSt  but  Parona  and  Bonarelli  ^  inolude  it 
In  the  genus  Zophoceras  instituted  by  them  in  1897. 

(ii)  Ammonites  discoides,  C.  H.  v.  Zieten,  Yerstein.  Wiirttembergs, 
Heft  iii  (1831),  p.  21,  pi.  xvi,  figs,  la,  h,  c.  This  specimen  [register 
number  62,568]  is  accompanied  by  a  label  in  Dr.  Bruckmann's 
handwriting  to  the  following  effect :  "  From  Zieten's  collection. 
Ammonites  capellinus  jurensis,  Quenst.  [Amm.  discoides,  Ziet,  T.  16, 
F.  1).  Selten.  Jurensismergel.  Heiningen  in  Wiirttemberg*';  and  on 
the  label  there  has  been  written  in  pencil  the  letters  *'  [Dr.  0.]," 
signifying  "  Dr.  Oppel."  Its  size,  general  form,  and  colour  agree  so 
well  with  Zieten's  figure  (except  that  the  latter  is  reversed),  that  there 
can  be  no  doubt  whatever  as  to  its  identity.  At  about  the  com- 
mencement of  the  last  third  of  the  outer  whorl  a  small  piece  is 
broken  away  at  the  periphery,  and  although  this  imperfection  is  not 
figured,  yet  the  shape  of  the  anterior  portion  of  the  specimen  is  so 
accurately  represented  in  Zieten's  figure  that  there  cannot  possibly 
be  any  doubt  as  to  the  identification  of  the  specimen. 

Zieten's  description  is  as  follows: — ''Riicken  sehr  scharf,  die 
inneren  Windungen  stark  bedeckt,  Rippen  sichelformig,  welche  auf 
der  scharfen  Riickenkante  in  spitzigen  Winkeln  zusammenlaufen. 
In  der  Hauptform  dem  Ammonites  discus  (Sow.),  ahnlich.  Aus  dem 
liias-Sandstein  von  Heicbenbeu^h  im  Thai." 

[**  Back  (periphery)  very  sharp,  the  inner  whorls  strongly  ornamented,  ribs  falci- 
form and  meeting  on  the  sharp  periphery  in  acute  angles.  In  general  form  similar 
to  AmnuniiteB  discus^  Sowerby.  From  the  Lias  sandstone  of  Eeichenbach  in  the 
Valley/'] 

In  this  case  also  there  seems  to  be  a  discrepancy  between  the  label 
and  Zieten's  statement  as  to  the  locality  of  the  fossil ;  Heiningen, 
the  locality  given  on  the  label,  being  about  three  miles  south  of 
Ooppingen,  whilst  *'  Reichenbach  im  Thai,"  the  locality  given  by 
Zieten,  is  north  of  Donzdorf  and  almost  due  east  of  Goppingen. 
Quenstedt,  in  his  work  on  "  Die  Ammoniten  des  schwabischen 
Jura "  (Bd.  i,  Heft  8-9,  1885,  pp.  416-7,  tab.  liii,  figs.  1  and  3), 
records  the  species  from  the  c7ttren«t«-beds  at  both  places. 

It  may  be  remarked  that  this  species  was  placed  by  Hyatt  ^  in  his 

*  M6m.  Acad.  Sci.,  etc.,  Savoie,  s^r.  iv,  vol.  vi  (1897),  p.  122. 

*  A.  Hyatt :  Bull.  Mus.  Comp.  Zool.,  vol.  i,  No.  6,  p.  102.  The  whole  volume, 
consisting  of  Nos.  1-13,  is  datea  1863-9 ;  No.  4  was  published  in  June,  1865,  and 
No.  6  is  dated  December  26,  1867,  but  the  copies  of  No.  6  that  I  have  seen  are  not 
dated.  This  number,  however,  was  publishea  towards  the  end  of  December,  1867. 
For  this  date  I  am  indebted  to  Mr.  S.  S.  Buckman,  who  tells  me  that  he  has  a  copy 
of  Prof.  Hyatt's  paper  bearing  a  date-slip,  of  which  the  foUovring  is  an  exact  copy : — 

Boston  Society  of  Natural  History, 
March  23,  1868. 

[Extract  from  Records  of  Jan.  3,  1868.] 

**  Mr.  A.  Hyatt  laid  upon  the  table  No.  6  of  the  Bulletin  op  the  Museum  op 
CoMPAKATiYE  Zoology,  published  about  a  week  since,  but  accidentally  bearing  no 
•date  of  publication,'*  etc. 

S.  H.  Scudder, 
Sec.  Boston  Soc.  Nat.  Hist. 

Please  attach  this  to  the  copy  of  the  Bulletin  sent  to  you. 

A.  Hyatt. 
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genua  Lloceras,''  hut  Btickman '  has  made  it  the  typo  of  a  new  genu, 
Polyplnctiu.  The  Muaeum,  tlien,  ia  fortuoale  in  possessing  this  tjp»- 
specimen,  for  it  is  not  only  the  type  of  Zietoa'e  species  Avm,. 
dueoidet,  but  also  the  type  of  Baokman'e  genns  Poly^eetui. 


I. — Thb  Basal  (Caedoniferocs)  Cohglohgkatb  of  UtLSWiTKB 
AND  ITS  Mode  of  Orioin.  By  R,  D,  Oldham,  Geological  Survey 
of  Indio.^ 

ON  the  western  shore  of  TJllflwater,  near  its  lower  end,  a  good 
sectiou  has  recently  been  etposod  of  the  basal  oonglomeratea 
vnrioUBly  ascribed  to  Old  Ketl  or  lowermost  Carboniferous  age.  Tbis 
conglomerate  bos  been  considered  as  glacial  in  its  origin,  but  does 
not  appear  to  the  anthor  to  present  any  true  glacial  oharaoterialics- 
It  contains  angular  and  subangular  blocks  of  all  sizes,  which  are  not 
scattered  indiscriminately,  but  are  arranged  with  a  distinct.  Ibongh 
obacnre,  banding.  In  the  admiilure  of  blocks  of  all  sizes  and  the 
absence  of  rounded  boulders,  it  differs  from  the  known  river  depocits 
of  temperate  dimes,  and  more  closely  resembles  ihe  aocumulationi  of 
debris  which  result  from  oloud-burala  than  any  other  form  of  depwit 
which  can  be  observed  in  the  British  Islea  at  the  present  day.  The 
oonglomerate  cannot,  however,  he  reasonably  attribnted  to  any  such 
local  deposits  ;  its  true  analogue  must  be  looked  for  in  tbe  diy 
regions  of  Western  and  Central  Asia,  where  all  rainfall  rushes  off 
the  bore  bilk,  prodooing  ta  efEisot  vsty  like  that  of  a  otoad-bont  in 
our  own  climate,  and  causing  a  mixed  mass  of  water,  silt,  and  stone* 
to  rush  down  the  river  channels,  which  are  dry  or  carrying  only 
a  feeble  stream  in  ordinary  times.  This  mass  of  material  is  carried 
oat  from  the  hills,  and  forms  a  deposit  with  a  gently  sloping  Burftoe 
axtending  for  miles  into  the  open  country.  Carried  along  in  this 
manner  Uie  rock- fragments  do  not  undei^  the  rounding  which  they 
suffer  in  a  more  permanent  torrent,  and  are  deposited,  on  the  snddeo 
snbsidenoe  of  the  flood,  in  a  mixed  mass  of  fragments  of  all  sizes. 
The  sections  exposed  along  the  roadside  near  the  foot  of  TTIlswater 
not  only  exhibit  a  rude  trending,  due  to  the  action  of  saooeesifs 
floods,  but  also  show  patches  of  current -bedded,  fine  -  grained, 
gravelly  material,  representing  the  action  of  the  feebler  stieam 
which  continued  after  the  passage  of  the  flood. 

The  oonclusion  drawn  is  that  the  oonglomerate  is  a  torrentuJ 
deposit,  formed  on  dry  land,  near  the  foot  of  a  range  of  hills,  in 
a  generally  dry  climate,  varied  by  seasonal  or  periodical  bursts  of 
rain.  The  red  colour  of  the  fine-grained  matedal  suggests  tropical 
or  sub-tropical  conditions,  as  the  formation  of  red  soils  is  at  the 
present  day  so  much  more  common  in  tropical  than  in  temperate 
regions  that  it  may  almost  be  regarded  as  a  charaoteristio  of  a  hot 
climate. 


'  Originallj  spelt  Leioctrai. 
>  S.  S.  Buokmiin:  Inf.  Oo 
'  R«ad  before  (he  British  AuMiatioa,  Section  C  {G«i>i>gj),  1 


1  S.  §.  Buckmun :  Inf.  Oo.  Amm.  (Hon.  Pal.  Sue.],  pt.  It  (1890),  p.  211. 
.„._...,._..„,....  ....      „    ..     '  -y),  fcadtord.  Sept.. 
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31. — Tm  Influsnox  of  thb  Wihds  upon  Climati  dubino  Past 
Epochs  :  a  Mkteobologioal  Explanation  of  some  Qeolooioal 
Problems.     By  F.  W.  Harmbb,  F.Q.S.*     (Abstract) 

THIS  paper  is  a  summary  of  a  oommunication  the  author  hopes 
to  make  to  the  Geological  Society  of  London  during  the  present 
winter,  and  is  in  continuation  of  one  read  at  Dover  in  1899,  on 
"The  Meteorological  Conditions  of  North- Western  Europe  during 
the  Pliocene  and  Glacial  Periods." 

The  irregular  distribution  of  the  isotherms  in  the  northern 
hemisphere  is  largely  due  to  the  direction  of  the  prevalent  winds. 
In  regions  where  these  are  constantly  varying,  as,  for  example,  in 
'Great  Britain,  the  climate  varies  diumally,  one  day  being  often  dry 
or  cold  and  the  next  rainy  or  warm.  In  others,  where  the  wind 
-changes  seasonally,  one  part  of  the  year  is  rainless  and  another 
pluvial.  Permanent  alterations  in  climate  would  equally  result 
were  the  course  of  the  prevalent  winds  permanently  changed. 

The  direction  of  the  winds,  which  must  always  be  more  or  less 
parallel  to  the  isobars,  depends  on  the  relative  position,  and  on  the 
form  and  alignment  of  areas  of  high  and  low  barometric  pressure. 
The  movements  of  the  latter  being  largely  interdependent,  any 
important  meteorological  disturbance,  however  caused,  may  make  its 
influence  felt  at  a  considerable  distance  from  the  focus  of  its  origin. 

The  winds  blow  round  areas  of  high  and  low  pressure ;  outwards, 
from  the  former,  and  to  the  north  of  the  Equator,  from  left  to 
right ;  and  inwards,  towards  the  latter,  from  right  to  left.  Hence, 
in  the  northern  hemisphere,  southerly  winds  prevail  to  the  east  of 
a  cyclonic  centre,  and  northerly  winds  to  the  west  of  it,  the  contrast 
between  the  temperature  of  the  two  areas  being  usually  in  proportion 
to  the  distance  the  aerial  currents  may  have  travelled  from  the  south 
^md  the  north  respectively.  Warm  and  cold  winds  must  therefore 
necessarily  coexist,  causing  differences  in  climate  in  countries  having 
•the  same  latitude.  The  winter  temperature  of  Hudson's  Bay  is,  for 
example,  60°  F.  colder  than  that  of  Great  Britain.  Similar  climatal 
xx>nditions  must  have  also  existed  during  the  Pleistocene  epoch. 

The  continental  regions  of  the  northern  hemisphere,  being  at 
present  warmer  during  summer  than  the  ocean,  are  cyclonic ;  in 
winter  they  are  colder,  and  consequently  anticyclonic.  Over  the 
great  ice-sheets  of  the  Glacial  Period,  however,  high  pressure  must 
iiave  prevailed,  more  or  less,  at  all  seasons,  and,  generally,  the 
meteorological  conditions,  including  the  direction  of  the  prevalent 
winds,  and  local  variations  in  climate  must  then  have  been  widely 
different  from  those  of  our  own  times.  Oceanic  winds,  with  copious 
rainfall,  may  have  prevailed  in  regions  now  arid,  and  mild  winters 
where  they  are  now  excessively  severe.  Such  cases  of  anomalous 
•climate  as  those  of  the  pluvial  conditions  of  the  Sahara,  and  of 
Arabia  and  Persia,  during  the  Pleistocene  era,  may  be  satisfactorily 
•explained  by  the  changes  in  the  relative  positions  of  cyclonic  and 
anticyclonic  systems  which  were  caused  by  the  gradual  growth  and 

^  Read  before  the  British  Aflsociation,  Section  C  (Geology),  Bradford,  Sept.,  1900. 
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^"TT <^^   ^^   great   ice-sbeeU,   as  may   be    the  alt«nat> 

humidity  nod  desiccation  of  tbo  great  basin  of  Nevada,  the  former 
nlatfeuce  of  the  mamiaoih  on  the  shores  of  the  Polar  Sea,  etc 

It  is  diffioult,  however,  to  restore  hypothetically  the  meteorological 
OOBditioDs  of  the  Pleiatocene  epoch,  on  the  theory  that  the  maximum 
ihoibtioD  of  tbe  eastern  and  western  contineute  waB  oonteuporaneouL 
At  nresent  tbe  influeoce  of  the  Grulf  Stream,  and  tbe  soulh-w^t 
winOB  caused  by  the  loelaudio  cyclooe,  carries  iu  winter  a  com- 
wntavely  warm  oliiuate,  and  law  preaatu'es,  northwards  into  tha 
ABitIo  Circle,  but  no  permanent  ioe-sheet  could  have  existed  in 
Gnat  Britain  under  sunh  ciroumstanoes.  Cyclones  and  antioyclooes 
Ik  ngions  more  or  leas  oontiguouE  are,  however,  neceasarily  com- 
plwoenlary,  in  order  that  tha  vertical  circulation  of  tbe  atmo8ph«i« 
VUiJ  be  maiotained.  The  existence  of  an  enormous  polar  anticyclone, 
•ixtatdiiig  Boiitbwards  over  a  great  portion  of  Europe  and  Nurth 
Amwica,  would  have  involved  also  that  of  a  cyclonic  syelero  af 
OOmepoDding  importance  in  the  North  Atlantic,  a  region  wbiuh 
nwt  have  been  at  all  aeaBone  warmer  than  those  covered  with  ice; 
bat  this  would  have  caused  soutb-weat  winds  over  Great  Britaio, 
■sd  bave  prevented  tbe  permanent  existence  of  an  ice-abe«t  in  iheM 
iakods.  If  Europe  and  North  America  had  been  glaciated  at  tlut 
Mine  tinie,  which  for  (he  reasons  g^veu,  however,  seems  improbable, 
die  Icelandic  cyclone,  which  now  lies  ( statistically)  in  winter  near 
to  tbe  south-east  coast  of  Qreeuland,  would  have  been  forced  to 
tbe  lODtb ;  but  tlie  farthw  Boath  it  want  tbe  wanner  would  b»e- 
been  tbe  eontiiarly  winds  which  blew  eut  of  ita  centre  towards 
Great  Britain  and  Western  Europe.  Conditione  similar  to  tboiB 
which  may  have  prevailed  during  the  maximum  glaoiation  of  North 
America  occurred  during  the  early  part  of  1899 — for  information  » 
U)  which  the  author  desires  to  acknowledge  his  indebtedneas  to 
Mr.  W.  N.  Shaw,  F.B.S.,  of  tbe  Meteorological  Offioa.  At  that 
time  a  great  low-preBSure  system,  which  sometimea  extended  from 
Europe  to  America,  and  from  Iceland  to  tbe  Canary  Islsnili, 
occupied  tbe  North  Atlantic.  Yast  volameB  of  oold  air  &om  the 
Arctic  regions  were  ocnsequently  poured  over  North  Amerioa,  while 
Western  Europe  was  flooded  by  warm  aerial  ourreata  from  the 
•ub-tropioal  zone.  At  the  beginning  of  February  temperatures  of 
from  —  40°  F.  to  —  60°  F.  were  commonly  registered  in  different 
parts  of  North  Amerioa ;  at  tbe  same  time  the  thermometer  rose  in 
London  to  66°  F.,  in  Liege  to  70°  F.,  and  in  Davoa,  more  than 
5,000  feet  above  the  sea,  to  62°  F.,  tbe  average  moximom  for  that 
tnonth  at  the  latter  place  being  S8°  F.  For  some  weeks  storms  of 
exceptional  violence  occurred  almost  daily  in  the  Atlantic  Theae 
ooinoident  phenomena  are  directly  traceable  to  the  same  oaose. 

No  meteorological  difficulties  arise  if  we  adopt  the  hypothesis  that 
glacial  and  interglacial  periods  alternated  in  the  eaatem  and  westem 
continents.  If  the  ice-cap  extended  from  Qreenland  to  Soandinavia, 
the  North  Atlantic  cyclone  would  have  been  forced  to  the  south-west, 
towards  the  American  coast,  producing  warm  south-east  winds  over 
Labrador ;  if,  on  the  oontraiy,  it  atratohed  from  Greenland  to  Nortb 
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America,  the  oyolone  would  have  been  driven  in  the  direction  of 
Earope,  causing  mild  weather  in  the  latter,  as  in  the  case  just  given. 
Such  a  view  affords  a  simpler  explanation  of  the  geological  facts 
than  those  usually  adopted.  Instead  of  supposing  that  the  climatic 
<dianges  of  the  Qreat  Ice  Age,  several  times  recurrent  at  intervals  of 
a  few  thousand  years  only,  were  due  to  astronomical  causes,  it  is 
here  suggested  that  the  climate  of  the  Pleistocene  epoch  being 
imiformly  colder  than  that  of  our  own  era,  conditions  of  comparative 
warmth  or  cold  may  have  been  local,  as  they  now  are,  affecting  the 
great  continental  areas  at  different  periods. 


I^  EI  V  I  EI  ^\?^  S- 


I. — Studies  in  Fossil  Botany.  By  Dukinfield  Henbt  Soott, 
M.A,  Ph.D.,  F.R.S.,  F.G.S.,  Honorary  Keeper  of  the  Jodrell 
Laboratory,  Royal  Gardens,  Kew.  pp.  xiii,  653,  with  161 
illustrations.     (London :  A.  &  C.  Black,  1900.) 

AS  the  title  of  Dr.  Scott's  work  implies,  *'  Studies  in  Fossil 
Botauy  "  is  not  a  '  textbook '  in  the  ordinary  acceptation  of  the 
term,  giving  a  systematic  course  of  the  entire  range  of  fossil  plants, 
but  contains  thirteen  lectures  devoted  to  the  microscopical  structure, 
morphology,  and  affinities  of  Carboniferous  plants,  and  one  on  the 
Mesozoic  Gymnosperms.  The  groups  studied  are  not  chosen  at 
random,  but  follow  each  other  in  natural  sequence. 

Lectures  i-iii  are  devoted  to  the  Equisetales.  The  Calamites  are 
first  described,  and  here,  as  in  the  subsequent  groups,  a  description 
of  the  external  characters  of  the  group  is  given.  These  descriptions, 
however,  take  a  subordinate  place  to  the  description  of  the  internal 
organization  of  the  plants,  which  forms  the  main  subject  of  the 
lectures.  The  development  of  the  young  Calamite  is  traced  through 
its  early  stages,  and  the  different  structures  which  go  to  make  up 
the  complete  plant  are  described  in  detail.  One  of  the  important 
results  of  Dr.  Scott's  examination  of  the  Calamites  is  to  prove 
that  the  carinal  canals  of  Equiaetum  and  CalamiUi  are  homologous, 
both  resulting  from  the  rupture  of  the  primary  wood.  After  the 
description  of  ArthropitySt  the  common  English  form  of  Calamite, 
the  two  other  types  of  Calamite  stem  structure,  Arthrodendron  and 
Calamodendron,  are  considered.  The  Calamite  fructifications,  CalamO' 
stachys,  Palaostachya,  and  Cingularia,  are  then  dealt  with  and  their 
morphology  discussed;  then  follow  notes  on  Archeocalamites  and 
Macroatachya. 

Jn  Lecture  iv  the  SphenophyllaleB  are  considered.  In  this  group 
are  placed  the  two  genera  Sphenophyllum  and  Cheirostrobus.  This 
is  a  specially  interesting  chapter,  dealing  with  types  of  plant 
structure  which  disappeared  with  Carboniferous  times.  Fortunately, 
the  structure  of  stems,  roots,  leaves,  and  fructification  of  SphenO' 
phyllum  is  known.  The  two  British  species  showing  structure — 
8,  plurifoliatum,  from  the  Lower  Coal-measures,  and  S,  inaigne,  from 
the  Calciferous  Sandstone  series — are  fully  described.    Sphenophyllum 
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Daatoni  IB  biken  as  the  typo  of  Sphenophyllum  fructification,  and  ii 
fnlly  described.  It  might  be  remarked  here,  that  S.  Daatom  ii 
almost  certainly  the  fruit  of  8.  euneifolium,  8t«rab.,  sp.,  of  which 
probably  S.  plurifoliatum  ib  the  stem.  The  fructifioationB  of  other 
HpeoieB  of  SpkenophjiUiim  &re  desorihed  or  referred  to,  and  though 
the  vegetative  orgaiia  of  all  the  species  of  Sphmiophi/Uum  have 
a  great  similarity,  the  arrangeiuent  of  tho  sporangia  in  some  of 
the  specieH  varies  cousiderably :  so  much  is  this  the  case,  that  tba 
genus  as  presently  employed  must  be  regarded  more  in  the  li^t  of 
a  group  than  a  genus ;  but  in  vegetable  palffiontology  the  imperfeot 
knowledge  of  many  oritioal  charaotere  makes  it  most  uawise  to  treat 
fossil  genera  in  the  restricted  manner  in  which  one  woulil  proceed 
in  dealing  with  existing  plants.  Although  Cheiro»trobti»  is  here 
placed  in  the  Spfienophyllale*,  it«  oonneotion  with  Sphenophyllum  does 
not  appear  to  be  very  close. 

Tlie  Lycopodialea  occupy  Lectures  v-vii,  and  contain  desoriptinnj 
of  Lepidodendron,  LepidopMoioi,  SiijiUaria,  and  Sligmaria.  Wfl 
cannot  agree  with  Dr.  Scott's  treatment  of  Ealonia  and  Vlodendron, 
Batonia  is  correctly  referred  to  LepidopMoioa  ae  its  fruiting  branch 
(p.  ISG),  and  Utodtjndron  in  part  to  Lepidodendron  and  Sigillaria 
(p.  162) ;  but,  again,  it  is  said  :  "  What,  then,  was  the  nature  of 
the  Httloniul  branches,  which  were  evidently  not  charaoteriatlc  of 
a  separate  genus,  but  occurred  as  terminal  ramifications  oa  ordinary 
Lepidodendroid  stems  ?  "  (p.  158).  Again,  '■  Williamson,  however, 
described  a  specimen  with  m ill ti seriate,  qnincuncially  arranged  scan 
of  the  Ulodetidron  character,  and  also  n  Halotiia  with  the  tubercles 
in  two  series,  so  this  distinction  loses  its  value"  (pp.  158-169). 
Aa  references  for  this  statement  Dr.  Boott  mentions  Williamaon's 
figures  given  in  Uem.  xix,  pi.  vi,  figs.  22  and  25a.  Now  the 
"cortex  of  Lepidophloiot,  with  rows  of  Ulodendroid  fruotifennis 
Mara,  arranged  as  in  Halonia  regularii "  (Williamson,  I.e.,  p.  33). 
■bows  a  typical  specimen  of  a  fruiting  branch  of  LepidopUotM 
with  leaf  and  cone  scare,  and  does  not  possess  a  single  ITlodendroid 
character  ;  whereas  Williamson's  fig.  22,  "  a  young  fruotiferom 
Haionial  branch,  with  its  tubercles  in  two  lateral  series"  (l.o.,  p.  33], 
is  cUcorticated,  and  does  not  exhibit  any  oharaoten  by  which  it  can 
he  referred  with  certainty  to  either  Zepidophloiot,  Lepidodendron,  or 
Sigillaria;  and  as  all  the  ipeoimens  with  two  rout  of  large  tean 
wkieh  have  ihoan  the  leaf-tcarg,  have  invariably  belonged  to  Z«ptda> 
de»dron,  Sigillaria,  or  Bothrodendron,  there  seems  little  warrant  f(>r 
referring  this  specimen  to  Lepidophloio»,  espeoially  when  no  specimen 
has  ever  been  described  or  figured  wherein  a  distichous  arrange  men  t  of 
the  fructiferous  scars  has  been  found  associated  with  the  Lepidopkloio* 
leaf-BCor.  We  also  know  the  specimen  referred  to  on  p.  160,  and 
here,  also,  there  is  absolutely  no  evidence  for  inoluding  it  in  Lepido- 
phloiot  rather  than  referring  it  to  Sigillaria  diicophora,  where  tlw 
fractiferoDs  soars  were  in  two  rows,  and  the  other  charaotere  of  this 
specimen  would  seem  to  refer  it  to  this  species.  We  would  natorallj 
expect  to  find  that  the  internal  organisation  of  two  such  closely 
allied   genera   as  L^dodmdnm  and   Zepidopldoioe   posaasaed   an 
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almost  identical  struoture.  We  believe  it  is  now  reoognized  that 
isolated  vascular  axes  of  SigiUaria  and  Zepidodendra  cannot  be 
distingaished  apart  from  the  structure  of  the  cortex  and  its  leaf 
cushions. 

The  internal  structure  of  the  Lycopodiales  is  admirably  described. 
The  material  for  the  study  of  the  Zepidodendra^  being  plentiful  and 
exceptionally  well  preserved  in  the  Yorkshire  and  Lancashire  Goal- 
field  and  a  few  other  localities,  has  given  exceptional  facilities  for 
a  description,  which  could  be  little  more  perfect  had  it  been  drawn 
up  from  the  living  plant  The  description  of  the  internal  organiza- 
tion  of  SigiUaria  is  also  good,  although  specimens  of  undoubted 
Sigillarian  stems  showing  structure  preserved  are  very  rarely  found. 
''  The  two  lateral  points  on  the  surface  of  the  leaf  cushion  below  the 
leaf-scar"  of  Lepidodendron  are  supposed  to  have  some  connection 
with  the  pariohnos.  This  conclusion  may  possibly  be  correct,  but  as 
the  point  is  said  to  have  been  investigated  by  Potonie  in  a  Lepido' 
phloios,  where  the  curious  structures  known  as  the  pariohnos  do  not 
occur  on  the  cushion,  it  is  probable  that  the  specimen  investigated 
was  a  Lepidodendron. 

It  might,  perhaps,  have  been  better  if  Dr.  Scott  had  substituted 
^the  name  of  Lepidodendron  Veltheimtanum  for  that  of  Z.  hrevi/oliumf 
given  under  the  figure  on  p.  133,  as  the  plant  there  shown  really 
belongs  to  that  species,  and  especially  as  the  cones  of  the  same  stem 
are  named  Lepidostrohus  Veltheimianua  in  figs.  67,  68,  69,  and  70c-d, 
Professor  Williamson  subsequently  corrected  his  error  in  identifying 
ihe  Pettycur  plant  with  Ettingshausen's  Lepidodendron  brevi/olium, 
which  latter  is  a  Lepidophloios  (^Lepidophloioa  acerosus,  L.  &  H.,  sp.). 
In  the  same  lecture  Lepidostrohus  and  Spencerites  find  a  place ; 
the  latter,  known  only  from  its  cones  with  curious  winged  spores,  is 
^  most  peculiar  and  interesting  genus. 

The  Ferns  occupy  Lectures  viii  and  ix,  and  are  admirably  treated. 
Here,  we  believe,  is  given  the  best  and  most  concise  account  of  the 
structure  of  Palsdozoic  ferns  with  which  we  are  acquainted,  for 
though  the  space  devoted  to  their  consideration  is  not  large,  their 
characteristics  and  structure  are  most  clearly  described. 

Lecture  viii  serves  somewhat  as  an  introduction  to  the  study  of 
the  chief  fern  genera  and  their  fructifications,  and  concludes  with 
a  description  of  the  anatomy  of  Psaronius.  Lecture  ix  is  reserved 
for  the  consideration  of  the  Botryopteridse,  the  two  forms  described 
being  Zygopteris  Qrayi  and  Botryopteris  hirsuta,  which  belong  to  the 
herbaceous  monostelic  type  of  fern  structure.  The  petioles  of 
J^,  Lacattii  and  Z,  hibractensis  have  long  been  known  as  common 
fossils  in  the  Yorkshire  and  Lancashire  Coal-balls.  Thanks  to  the 
labours  of  M.  Eenault,  in  some  respects  Zygopteris  is  one  of  our 
most  completely  known  fossils,  but  its  affinities  are  difficult  to 
determine,  the  annulate  sporangia  of  Zygopteris  and  Botryopteris 
being  very  different  from  any  fructification  known  to  occur  amongst 
recent  ferns. 

The  Cycadofilices  occupy  Lectures  x  and  xi,  and  comprise  one  of 
ihe  most  interesting  groups  of  Palaeozoic  plants  with  which  the 
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ptoontologbt  htm  to  deiL  lim  fVMip  oonftilaui  ftorM  Imlaii^^rKK 
•ttvenl '  genem  *  as  detewniaed  by  tiie  improariona  of  tiMir  teiai» 
fmr  we  find  memben  of  iho  Bioogniartiaa  ganam 
.^tfiaOaplaria,  and  NemrenUrU  tauomg  &o  Ckoadoilioaa. 
JBwiiyibotMi  ia  the  fkoad  of  J^yfaaifaidraii  dfcttaaiiwB,  and 
baft  ahowii  that  die  patioleaof  oevlaia  .dUkoptmu  and  ITiiwaiiiaiii 
h>^  the  aUrueiura  <»  JftafaafbMy  whlab  In  tarn  baa  bean  looad 
attaohed  to  Ibe  atma  of  JbchBoeay  one  of  tfio  C^jpoadoilieea. 

1 1(1  dealb^  with  thaae  biteraatiiig  plaato,  Iff<aod<B<^ 
oio  of  the  mmoatelio  forma,  ia  ml  demibed.  It  ia  tveatod^raiy 
fldly,  ibe  ataaia»  toanohea^  voeta,  and  foliage  htiag  'vacy  oonmo^ 
bk  tba  'CkMl-balla.'  The  only  point  of  intoceal  mdmown  ia  ili^ 
frootifioatioii,  wbibh^  howoTer,  Dr.  fioott  pzeaniiiea  may  ba;va  ban 
Oalymmatotheoona,  aa  afaown  in  hia  veatoxalioii  in  ibe  ftontiapiaefc 
The  evidenoe  on  wbibh  Ihr.  Soottaniveaat  thia  oonalnabn  ia  daaitad 
tnm  the  leferenoe  to  J!^pik0nofi$ri$  (Oatffmmat^ Abm  f )  Siam^fm%  BbOr 
of  a  CUymmatotheoona  ftnotifioation,  and  bis  belief  thai  tbia  tea  ir 
q^eoifioally  idenlioal  with  i^phaMpUri$  Mmmghamsi-'^^  view  we  aie^ 
nnaMe  to  share,  aa  we  regard  flieaetwo  apedaa  aa  oaaontially  diatiaot 

.£|f!^niodaaiiroii— -or  perhaps  better,  £ffgmoptm$  OUhmma,  oa  fe» 
namod  by  Potoni6— is  followed  by  a  desoriptien  of  Jlafflrm^aH^ 
another  monostelio  f<vm  with  Sph«iopterad  foliage,  at  leaai  in  the 
eaae  of  JT.  Orieei.  Caicnaopi^s  SaUamh  whoae  flenerie  name  gitaa 
avexy  fiJse  idea  of  its  tme  positi<m,the  CfifeadaaB^em^waAPr^aqpOgmt 
are  next  oonsidere^,  and  these  lead  us  up  to  the  genus  MeduUcta,  the 
type  taken  for  desoription  being  the  MeduUosa  angliea,  Soott,  tho 
oldest  known  member  of  the  genus,  and  one  possessing  a  less 
complex  structure  than  those  ooourring  in  later  Oarhoniferous  rooks^ 
MeduUosa  exhibits  a  polystelio  type  of  structure.  All  the  Cycado- 
filices  show  the  remarkable  character  of  a  normal  development  of 
secondary  bast  and  xylem.  The  fern  petioles  originally  named 
Myeloxylon  are  now  known  to  belong  to  MeduUoia,  The  complex 
organization  of  these  ferns  has  been  worked  out  in  admirable  detail, 
and  the  occurrence  of  cyoadaceous  characters  in  association  with  the 
fern  type  of  structure  is  fully  dwelt  on. 

The  Poroxylon  and  Cordaitea  fall  to  be  considered  in  Lecture  xiL 
The  Cordaitea  are  only  now  beginning  to  be  understood.  Some 
species  of  so-called  Araucarioocylon,  which  must  be  referred  to  the 
Cordaiteaf  have  been  shown  to  possess  a  primary  wood  arranged  in 
a  circle  round  the  periphery  of  the  pith.  For  our  knowledge  of  the 
structure  of  the  flowers  of  Cordaites  we  are  indebted  to  M.  Benault, 
who  has  worked  them  out  in  great  detail.  The  anatomy  of  the 
leaves  and  roots  is  also  known  and  described.  The  position  of 
Cordaites  seems  to  lie  between  Cycads  and  Conifers,  though  at  the 
same  time  it  holds  individual  characters  which  prevent  it  being 
united  with  either. 

Lecture  xiii  gives  an  account  of  the  Mesozoic  Gymnosperms,  and 
Lecture  xiv  is  devoted  to  the  •'*  General  Results*'  derived  from  the 
foregoing  course  of  study.  The  last  lecture  is  therefore  in  some 
respects  the  most  important  of  all,  for  it  gives  us  the  oonolusionS' 
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arrived  at  regarding  the  affinities  of  the  various  groups  descrihed, 
and  contains  the  views  of  one  than  whom  there  is  none  more 
competent  to  express  an  opinion  on  the  subject  under  discussion. 

The  results  attained  from  the  study  of  the  Palaeozoic  flora  lead  to 
most  interesting  conclusions  as  to  the  antecedents  of  our  existing 
flora,  and  certain  points  are  prominently  brought  out.  The  first  of 
these  that  strikes  one  is  the  entire  disappearance  of  the  traditional 
simple  type  of  structure  which  was  supposed  to  characterize  the 
Carboniferous  flora,  the  truth  being  that  the  Palseozoic  plant  type 
(at  least  as  far  back  as  the  basement  beds  of  the  Carboniferous 
formation)  is  of  a  much  more  complex  nature  than  is  found  to  occur 
in  the  representatives  of  the  similar  groups  at  present  existing ;  it  is 
also  further  seen  that  it  is  quite  possible  that  the  recent  JEquisetace^^ 
are  not  derived  from  the  Calamites,  but  are  descendants  of  a  simpler 
type  which  was  contemporary  with  them,  and  there  seems  to  be 
even  less  room  for  doubt  that  our  Lycopodtum  and  Selaginella  have 
descended  from  a  group  of  herbaceous  Lycopods  which  existed  side 
by  side  with  the  Zepidodendra,  of  which  we  have  clear  evidence 
as  far  back  as  the  basement  beds  of  the  Carboniferous  formation. 
The  Zepidodendra  appear  to  have  entirely  disappeared  with  PalsBOZoic 
times  and  to  have  transmitted  no  descendants  to  later  formations. 

"  Studies  in  Fossil  Botany  *'  is  one  of  the  most  valuable  additions 
to  the  literature  of  Palaaozoic  botany  which  has  appeared  for  many 
years,  and  shows  the  advance  made  during  the  last  decade  in  the 
knowledge  of  the  structure  and  classification  of  fossil  plants.  The 
student  of  recent  botany  also  profits  from  such  a  volume  as  that 
issued  by  Dr.  Scott,  for  it  is  impossible  to  fully  understand  the 
existing  vegetation  without  a  knowledge  of  the  source  from  which  it 
has  been  derived. 

Dr.  Scott  possesses  the  great  faculty  of  clear  description  and 
ability  to  grasp  the  salient  structural  features  of  the  plants  about 
which  he  writes,  and  this,  coupled  with  his  great  knowledge  of 
PalsBOzoic  plant  structures,  makes  his  ''Studies"  indispensable  to 
all  students  of  botany ;  and  we  can  only  congratulate  the  author  on 
the  issue  of  a  work  the  appeamnce  of  which  has  been  looked  for 
with  so  much  interest. 

The  illustrations,  151  in  number,  are  well  chosen  and  excellent  in 
every  respect,  and  many  of  them  have  been  specially  prepared  for 
the  author.  The  Index,  a  most  important  adjunct,  is  also  very 
complete.  R.  E. 


II. — The  Calabbo-Sicilian  Eabthquakk  of  Novbmbbb  16,  1894. 

(1)  Q.  Mercalli,    ''I   terremoti   della  Calabria  meridionale  e  del 

Messinese  '* :   Memorie  della  Soc.  Ital.  delle  Scienze,  vol.  xi 
(1897),  pp.  1-154. 

(2)  A.  Ricco,    **  Riassunto  della  sismografia  del  terremoto  calabro* 

siculo  del  16  novembre,  1894"  :  Rend,  della  R.  Acoad.  dei 
Lincei,  vol.  viii  (1899),  pp.  3-12,  35-45. 


{3)   P.  Tnoohini,   "Terremoto  oalahro-mBBsinene  del   16  novembre, 
1894"  :  ibid.,  vol.  Jii  (189iJ,  pp.  275-277. 

(4)  P.  Tacchini,  "  Snlla  registrazione  a  Roma  del  terremoto  calsbro- 

mesBinese  del    1(5  novembre,  1894":    ibid.,  vol.  iii  (1894), 
pp.  365-367. 

(5)  BolL  Meteor,  dell'  Uff.  Centr.  di  Meteorologia  e  Geodiaomics, 

Supplemento  113, 

Shortly  after  ite  occurrence,  a,  Govemmeiit  Commisaioii  was 
appointed  to  study  the  disastrous  earthquake  of  November  16,  1894, 
in  Sicily  and  Southern  Italy.  The  work  was  divided  into  sectioaa 
the  Hoianiologioal  part  being  undertaken  by  Prof.  A.  Kioou.  the 
director  of  the  observatory  of  Catania.  Prof.  G.  Mercalli  has  also 
completed  a  valuable  memoir  od  the  seiemio  history  of  the  diatiiot, 
the  filial  ohapter  being  devoted  to  the  earthquake  Berie>s  of  1894. 

Both  the  writers  mentioned  furnish  maps  of  the  iaoaeismal  lines, 
Frof.  Ricco  making  uae  of  the  Rossi-Forel  scale  of  intensity  and 
Prof.  Meroalli  of  that  which  benrs  his  name.  In  the  central  portion 
of  the  disturbed  area,  the  two  series  of  lines  agree  fairly  olosety, 
but  they  differ  somewhat  as  regards  (hose  of  tower  ioteosity. 
Disorepaneiee  in  ihe  latter  are,  however,  to  be  expeoteii  on  account 
of  the  small  number  of  observations  collected  and  the  large  portion 
of  the  area  occupieil  by  the  sea. 

The  epicentral  district,  which  overlaps  that  of  the  great  Calabrian 
earthquake  of  February  j-6,  1783,  lies  about  twenty  miles  north-east 
of  iteggio  Oftlabm.  To  the  west  and  north-west,  there  is  a  notable 
expansion  of  the  isoeeismst  lines  ;  but  in  the  opposite  direction  tliey 
are  closely  grouped,  showing  that  the  intensity  of  the  shock  died 
out  rapidly  iu  crossing  the  crystalline  masses  of  Aapromonte  and 
towards  the  Ionian  Sea.  The  outermost  ieoseismal,  aooording  to 
Prof.  Ricoo,  includes  an  area  of  43,890  square  miles. 

The  damage  to  property  was  confined  to  an  area  of  3,540  sqnare 
miles  in  the  provinces  of  Beggio  Calabria  and  Uessina ;  more 
than  three-fourths  occurring  in  the  former  province,  where  it  waa 
estimaled  to  amount  to  about  ft  million  pounds.  It  was  due  chiefly 
to  the  very  poor  materials  employed,  the  insufficient  foundations,  the 
imperfect  connection  between  the  diSerent  parts  of  the  building,  and 
the  exceedingly  heavy  roofs.  Altogether,  922  houses  were  completely 
ruined,  and  44,493  more  or  less  seriously  injured ;  about  a  hundred 
people  were  killed  and  nearly  one  thousand  wounded. 

In  nearly  all  parts  of  the  disturbed  area,  the  shock  consisted  of 
two  distinct  series  of  vibrations  ;  the  first  and  weaker  series  being 
eeparated  from  the  other  by  an  interval  of  rest  lasting  two  or  three 
seconds.  Within  and  near  the  epicentral  district,  the  oonolading 
vibrations  were  vorticose,  being  subject  to  rapid  changes  of  direction. 
Both  Etna  and  Stromboli  were  strongly  shaken,  but  neither  showed 
any  sign  of  increased  volcanic  action.  A  puteometer  at  Catania 
{70  miles  from  the  epicentre)  indicated  an  abrupt  rise  in  the  water 
■of  17  mm.,  followed  by  a  fall  of  14  mm.,  after  which  it  returned 
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nearly  to  its  original  level.  The  shock  was  also  recorded  by 
seismographs  at  Catania,  Portici,  Ischia,  Elocca  di  Papa,  Rome,  Siena^ 
Pavia,  and  Nicolaiew  (1,009  miles  fix)m  the  epicentre) ;  and  the^ 
diagrams  given  by  several  of  these  instruments  show  two  or  more 
groups  of  oscillations. 

Prof.  Rioco  has  made  some  attempts  to  determine  the  depth  of 
the  seismic  focus,  but  the  results  do  little  more  than  illustrate  the 
imperfection  of  the  methods  employed.  From  the  recorded  times  at 
Catania,  Ischia,  and  Rome,  he  estimates  it  at  99  miles  ;  and  from  the 
time-curve  corresponding  to  eight  good  observations,  at  107  miles. 
Mallet's  method  was  inapplicable,  and  Dutton's  gave  values  ranging 
from  13  to  100  miles. 

Prof.  Mercalli's  numerous  observations  on  the  direction  of  the 
shock  have  an  important  bearing  on  the  origin  of  the  earthquake. 
He  shows  that  there  are  two  small  areas  in  which  the  directions 
intersect,  one  on  the  north-west  slope  of  Montalto  d'Aspromonte, 
between  Plati  and  Delianova ;  the  other  in  the  sea,  a  few  miles  from 
the  ooast,  between  Palmi  and  Cape  Peloro.  Recalling  the  double 
character  of  the  shock,  he  concludes  that  the  earthquake  originated 
in  two  foci,  the  one  beneath  the  sea  being  the  last  in  action  and 
giving  rise  to  the  strongest  part  of  the  shock.  C.  Davison. 


III. — On  Mbtamorphio  Rocks  in  Eastern  Tyrone  and  Southern 
Donegal.  By  G.  A.  J.  Cole.  Trans.  Roy.  Irish  Acad.,  1900, 
vol.  xxxi,  pp.  431-472. 

On  certain  Rocks  styled  '  Felstones  '  ooourrino  as  Dykes 
in  the  County  of  Donegal.  By  G.  A.  J.  Cole  and  J.  A. 
Cunningham.  Scientific  Proc.  Roy.  Dublin  See,  1900,  vol.  ix 
(N.8.),  pp.  314-324. 

THE  problems  presented  for  investigation  in  the  complex  regions 
of  crystalline  rocks  near  Pomeroy  in  T^'rone,  and  Pettigo  in 
Donegal,  are  stated,  in  the  first  paper,  as  a  series  of  questions — 

(i)  Is  the  intrusive  granite  distinct  from  the  gneiss,  or  is  the 
former  merely  an  offshoot  from  the  latter  ? 

(ii)  Is  the  gneiss  itself  an  igneous  rock,  and  if  so,  has  it  assumed 
its  local  richness  in  ferromagnesian  minerals  by  absorption  of  basic 
and  other  rocks  adjoining  it  ? 

(iii)  If  the  gneiss  is  distinct  from  and  older  than  the  granite, 
what  claim  has  it  to  be  regarded  as  ArcbsBan  and  fundamental  ? 

The  author  favours  the  view  that  the  gneiss  has  been  produced 
by  the  intricate  intrusion  of  a  granitic  magma  into  ancient  schists, 
which  may  originally  have  been  of  sedimentary  origin.  The  gneisses 
thus  produced,  as  well  as  the  less  altered  schists,  are  traversed  by 
and  included  in  the  granite  of  the  Slieve  Gallion  type,  which  also 
cuts  an  overlying  basic  igneous  series,  the  latter  giving  rise  to 
*  eyes '  of  amphibolite.  The  paper  is  illustrated  by  two  plates,  one 
of  them  coloured. 


474 

Thzw  Series  of  igneons  dykes  oocur  in  the  sokists  ami  qiiartxiM 
of  the  BOrth-weat  gf  Ireland;  those  belonging  to  tlie  Bories  inter- 
«Mdkto  in  age  are  described  in  the  Snrvey  publications  as  'feUtones.' 
4Mt  tiuy  have  since  been  shown  by  Hyland  and  others  to  inoluda 
wioM  looks  of  the  lamprophyre  group  (oaraptonite.  vogesite, 
Winatto,  Iceraaotite).  In  the  seooiid  paper  qaoted  above  thees 
■ditBIIBfautions  Are  oonGrmed,  and  a  glassy  oHvine-boBalt  belonging 
4o  th»  nme  Mriai  ii  ftln  deaoribed. 


IT.— Soju  Shut  Pafim  bz  Paoiiiaa  W.  K.  Dma. 

tirUJBN  uondina  the  nUvr  of  the  TUm  <m  Sm  mv  to 
W  8t  Qothwd,  ProfaMor  W.  M.  D«vb  iilniiniT  O^  Ota  M» 
•nOtij*  opeaai  iato  t^  loain  nllqr  Mreiat  hoidnd  fast  va,  mi 
■«ta«WM  aaao^deJ  down  in  Atttp-tti  iballDir  ddb.  8aoh  &- 
•oordanM  iMtwaen  nMia  and  ktenl  v«ll«yi  ■waaw  Id  Iw  tfa*  nb 
1b  AlfAie  ngioiUt  and  fa  all  fallm  lAieli'lMtM  I 
'l^aoiated;  and  ti»  atteiitioD  whioa  PwiiMOi 
«B  tha  ml^  diqiaUad  flu  doabbi  wfakh  U  had  ku  fiA 
"    I  aai  taiina.    It  U 


riaoiated;   and  ti»  atteiitioD  whioa   PwiiMor  Davit  haa  >{«■■ 

d  tha  doebta  whieh  U  had  kos  lA  I 

oroda  daap  nllm  i 
ampriaing  to  l«am  that  tba  faahnaa  an,  u  Ua  opiaioD,  of  ao  mmk 


"to '  tha  abil%  <tf  iea  to  eroda  daap  i 


loipoitaiuw  that  a  Mptmal  nam*,  that  of  '  haagjag  valbiy^'  aaggaMad 
^  Pfofaaaor  GUbwt.  ia  enployod  to  deaigaata  tiMaa  aide  -nOajt. 
'The  paonliar  fhatuna  to  which  ba  diawa  attaDtfcn  a»  aaoribad  to 
Aa  aotion  of  the  haavy  io»«traam  that  onoe  filled  tho  vallej  to 
a  great  depth :  thii  trunk  glaoier  at  timaa  rtiM  eo  ht^  that  tha 
amall  lateral  glaciers  were  h^d  back  and  prevented  from  deepening 
their  ohannels,  while  the  main  valley  was  oontinaonBly  subject  to 
erosion.     ("  Appalaohia,"  vol.  ix,  March,  1900.) 

The  reoognitioQ  of  the  competence  of  glaciers  thus  to  deepen  and 
widen  their  valleys  is  regarded  by  Professor  Davis  as  an  important 
supplement  to  the  belief  that  they  can  excavate  lake  basins.  He 
therefore  pursues  the  subject  of  "  overdeepened  main  valleys  and 
hanging  lateral  valleys,"  in  an  article  on  Glacial  Erosion  in  Franoe, 
Switzerland,  and  Norway  (Proo.  Boston  Soc  Nat.  Hist.,  voL  xxii, 
Jnly,  1900).  He  points  out  that  if  the  existing  breadUi  of  the 
glaciated  valleys,  which  are  broad-floored,  had  been  acquired  in 
the  ordinaiy  manner  by  the  lateral  swinging  of  the  main  stream 
and  by  the  weathering  of  the  walla,  the  long  time  required  for  saoh 
a  change  would  have  amply  sufficed  for  the  side  streams  to  out  down 
their  valleys  to  grade  with  the  main  valley.  He  oondudes  that  the 
troughs  were  deepened  and  widened  by  ice-action.  Similar  feataies 
occur  on  the  borders  of  Lake  Lugano  and  other  Alpine  lakes,  in  our 
own  Lake  District,  and  in  Norway.  Irregularities  along  the  m^n 
valleys  eroded  by  glaciers  may  have  arisen  throngh  the  greater 
destruotion  of  softer  or  more  jointed  rooks ;  and  if  the  glacier 
should  vanish  by  climatic  change  while  in  this  condition  a  lake 
would  oooupy  the  deepened  leach,  and  its  outlet  would  flow  forward 
over  rocky  ledges  to  the  next  lower  reach  or  lake.    As  the  energy 
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of  a  glader  is  deolining,  it  becomes  in  its  lower  course  only 
a  transporting,  not  an  eroding  agent,  and  this  would  facilitate  for 
a  time  irregular  erosion.  Professor  Davis  discusses  the  origin  of 
<7orTie  Basins,  and  concludes  with  a  review  of  previous  writings  on 
the  subject  of  glacial  erosion.  This  and  the  previously  mentioned 
pap>er  are  illustrated  by  excellent  photographic  plates. 

Professor  Davis  gives  a  graphic  account  of  a  fault  scarp  in  the 
Lepini  Mountains  of  Italy  (Bull.  Geol.  Soc.  Amer.,  vol.  xi,  April, 
1900).  The  region,  as  described  by  Signer  Viola,  consists  of 
Cretaceous  limestone,  capped  here  and  there  with  Eocene  beds, 
uplifted  and  separated  from  the  Eocene  of  the  Sacco  Valley  by 
a  fault  of  considerable  magnitude.  Extinct  Quaternary  volcanoes 
occur  on  the  southern  part  of  the  fault  line.  The  fault  scarp  may 
be  seen  from  Morolo  station  to  occur  along  the  mountain  base.  If 
the  original  uplift  of  the  mountain  mass  ever  produced  a  great  fault 
cliff  all  traces  of  it  are  now  destroyed,  for  the  front  is  carved  into 
a  succession  of  buttressing-spurs  and  ravines.  'Rock-fans'  or 
d6bris  due  to  the  retrogression  of  the  escarpment  are  described. 
The  fault  scarp,  in  Professor  Davis'  opinion,  is  much  more  recent 
than  the  great  dislocation  which  upraised  the  mass  of  the  mountain 
front,  and  was  probably  due  rather  to  an  irregular  depression  of  the 
Piedmont  Eocene  mass  than  to  a  further  elevation  of  the  Cretaceous 
mountain  block. 

In  an  article  on  the  Fresh-water  Tertiary  Formations  of  the 
Bocky  Mountain  Region  (Proc.  Amer.  Acad.,  vol.  xxxv,  March, 
1900),  Professor  Davis  maintains  that  sufficient  attention  has  not 
been  given  to  the  fact  that  rivers  deposit  as  well  as  erode,  and  that 
in  consequence  the  probable  flnviatile  origin  of  most  Piedmont 
plains  has  not  been  generally  realized.  He  gives  reasons  for 
believing  that  mere  continuity  of  even-bedded  deposits,  such  as 
occur  in  the  Tertiary  formations  of  Western  America,  even  if 
occupying  many  square  miles,  should  not  alone  be  taken  as  con- 
clusive evidence  of  lacustrine  origin.  The  object  of  his  paper  is  to 
promote  consideration  of  the  subject. 


OOI^I^E3SI'OIS^X)E1^^0E3. 


A  FEL8T0NE  DYKE  ON  LLECHOG. 

Sib, — In  my  paper  published  in  the  Geologioal  Magazine  under 
the  title  "Firstfruits  of  a  Geological  Examination  of  Snowdon,"^ 
I  said  that  the  Felstone  Dyke  on  Llechog  might  possibly  be  the 
same  as  are  seen  in  Cwm  Clogwyn  at  the  foot  of  Llechog.  I  have 
now  satisfied  myself  that  such  is  the  case,  and  I  give  a  diagram  (not 
drawn  to  scale)  showing  how  the  dyke  rises  through  the  cleaved 
felsitic  rocks  of  the  mountain,  and  a  sketch-map  of  the  area 
-where  it  occurs.    The  dyke  is  from  15  to  20  yards  wide  where 

^  Gbol.  Mao.,  1900,  Jime,  p.  267. 
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the  section  is  drawn,  but  on  the  top  of  the  oliff  it  rapidly  thins 
away  towards  the  south-east.  In  the  owm  below  it  can  be  traced 
for  about  two  hnndred  yards  till  it  is  lost  to  sight  aiider  debris. 


D,  Ajkt ;  T  ////,  cleftTsd  Tolcanic  rocks.     Striks  of  cleaTige,  N.E. 

This  arm  of  Snowdoo  called  Lleohog  must  not  be  confused  with 
that  OTerlooking  the  Pass  of  Llanberia.  The  word  Llechog  means 
a  '  slaty  plaoe,'  and  is  applied  to  more  than  ona  such  plaoe. 

J.  B.  Dakths. 

Bhtd-diiu,  Cuutaxvok. 


ViCTOBiA  iNSTiTtiTB. — At  a  special  general  meeting  of  the  Victoria 
Institute  held  at  Adelphi  Terrace  on  Monday,  5th  November,  Sir 
G.  Gabriel  Stokes,  President,  in  the  chair,  Profesaor  Edward  Hull, 
F.B.S.,  was  unanimously  elected  Secretary  to  the  Institnte,  in  the 
room  of  the  late  Captain  Francis  Petrie. 
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